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PREFACE. 



By means only of a rational and jscientific system of 
Physical Education can we hope to attain the full and 
harmonious development of all the physical organs and 
senses, for the preservation of health, the uniform increase 
and growth of muscular power,, and the strengthening 
and bracing up of the whole nervous system ; and only by 
the establishment of a ready obedience of the voluntary 
muscles to the mandates of the will can we acquire 
perfect co-ordination of movement, suppleness and flexi- 
bility of limb, an active gait and graceful carriage of the 
body. Unequal development of our mental and physical 
faculties is injurious ; their education should therefore 
be coincident. Now the supreme importance of Physical 
and Mental culture being conducted concurrently, is as 
yet far from being recognised by the great bulk of the 
British Nation, and indeed one may safely atfirm, that it 
has only receiyed any attention at all from the majority 
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of those responsible for the training of our boys and girls 
within a comparatively recent period ; and up to a very 
short time ago, the Educational Department in White- 
hall made no mention whatever of Physical Exercises in 
the Elementary School code, and presumably considered 
it a matter of but small moment, whether the children 
of the masses grew up with undeveloped and puny 
bodily powers or not. 

A great move however in the right direction has at 
last been made, by the introduction into the said code of 
a clause by which it will in August next become com- 
pulsory on all Elementary School managers to make due 
provision for the instruction of their children in " Swedish 
or other drill or other suitable physical exercises " — so 
it is worded. 

It can only therefore now be a question of time, and 
let us trust a short time, before managers of High 
Schools and all other Educational Establishments will be 
compelled to take the ^matter seriously in hand, and 
indeed we may now reasonably hope that before long 
parents among all classes will simply refuse to send their 
children to any schools where suitable provision is not 
made for giving the instruction in question. 

The demand then for scientific Instructors is sure to 
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greatly increase, and at all Training Colleges the Students 
will doubtless be called upon to qualify themselyes in 
such a manner, as to be capable of giving instruction in 
this subject, and therefore the production of this book of 
Mr. Chesterton's on the Theory of Physical Education in 
Elementary Schools must be considered as most oppor- 
tune, and as being undoubtedly calculated to materially 
facilitate the study of the science, without undue labour 
on the part of the student, and with much economy of 
time. The book is exhaustive and yet concise, it enters 
into every detail connected with the proper development 
and healthy condition of the corporeal powers, it describes 
in an interesting and intelligible manner the wonderful 
mechanism of the human body, it teaches how the due 
performance of all the vital processes is dependent upon 
the fimctional health and activity of all the organs, and 
how again these are influenced and promoted in a high 
degree by rational and properly directed training, by 
moderate exercise, wholesome food, pure air, and good 
sanitary surroundings generally. It emphasizes the 
necessity for the taking of proper rest, and. deals with 
the question of suitable clothing, and it sums up very 
fairly and reasonably the advantages and disadvantages 
attending the employment of music and singing in 
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connection with bodily exercises, upon which point there 
is much diversity of opinion among experts, and there is 
introduced a most interesting and valuable little article 
on "Singing and Declamation in relation to Physical 
Exercise," by 0. Roberts, Esq., F.R.C.S., a gentleman 
well known for his intimate knowledge of the science of 
Physical Education, and for all he has done to advance it. 
The rules laid down by Mr. Chesterton for the guidance 
of persons conducting a practical lesson are clear, ample, 
and precise, and are based throughout on sound principles 
and commoU'Sense, and should be most carefully read 
and digested by all students of this subject. Attention 
is very property directed to the injurious positions into 
which children are so liable to fall when reading and 
writing, and to the serious consequences which but too 
frequently result from the use of imsuitable desks and 
seats, for alas ! the provision of properly constructed 
desks and seats is sadly neglected in very many schools, 
to the great detriment of the little students. The 
remarks upon games are excellent and much to the point, 
as any book on physical education, written in our own 
language for the inhabitants of these islands to read, 
would imquestionabiy be incomplete did it not touch 
upon the subject of our out-door games, for they have 
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ever been and always will be, a powerful factor in the 

formation of the British character, individual and national, 

and it is difficult to exaggerate their importance in this 

connection. 

Such a manual as this has long been needed, and its 

want much felt, and it is without doubt a very valuable 

addition to the literature on physical culture, already in 

existence, and students of the subject should greet its 

appearance with joy and gratitude, for it cannot fail to be 

of material assistance to them ; and Mr. Chesterton is 

certainly deserving of high praise for having bestowed 

— as he must have done — so much time, patience and 

studious labour upon its production. 

GEO. M. ONSLOW, 
Cavalry Barracks, Colonel. 

Canterbury. 

March 2Srd, 1895. 
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PRELIMINARY REMARKS. 



Notwithstanding the numerous works now before 
the public with reference to Physical Education, 
there appears to be something wanting as a guide 
to the Theory of the subject, particularly with 
reference to the Physical Education of school children. 

During the past six years, the London School 
Board has made the physical culture of the children 
of the Metropolis a speciality. Training classes have 
been formed to enable both male and female teachers 
to acquire the necessary qualifications, and to impart 
the instruction to their pupils thoroughly and sys- 
tematically. Examiners have been appointed by the 
Board, and approved by the Education Department, 
to conduct the examination of the teachers in the 
theory and practice of Physical Education, and to 
grant certificates to the successful candidates. Little 
difficulty appears to have been experienced in passing 
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the pi'CLctical test, as manuals bearing on that portion 
of the subject have been recognised by the Board. 
The theoretical part of the subject, however, has proved a 
more difficult matter with which to deal, particularly 
as no manual of the Theory of Physical Education, 
with special reference to school children, appears 
to have been published. In consequence of this, I 
have compiled this work with a view of placing in 
the hands of school teachers and college students a 
brief outline of all that is absolutely necessary for 
them to study in order to pass an examination in 
the Theory of Physical Education with reference to 
school children ; and with a view to its adoption as 
a text-book, by persons desirous of obtaining the Teacher's 
Diploma of the British College of Physical Education 
(vide Educational Code, 1895). 

In compiling this manual, I am greatly indebted 
to numerous works on Physical Education, particu- 
larly the "Physiology of Bodily Exercise," by 
Femand Lagrange, M.D., an excellent book on the 
subject, and well worthy the careful perusal of anyone 
wishing to study the subject more deeply. 

I have not scrupled to make repetitions where 
deemed nec^ss^^ in order to impress important 
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points, while technicalities and irrelevant matter have 
been studiously avoided. 

To further assist in making this work as useful 
as possible, in enabling teachers and others to pass 
the examination in the Theory of Physical Education, 
copies of the questions set at various examinations 
in the subject during recent years are attached. 

The value of this work is greatly enhanced by an 
article on " Singing and Declamation/' in connection with 
Physical Education, specially written by C. Koberts, Esq., 

F.R.as. 

London. 

March, 1895. 

T. CHESTERTON. 
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INTRODUCTION, 



We understand by the terms Physical Exercises, 
Physical Training, Physical Culture, or Gjrmnastics, 
all active, voluntary exercises which are undertaken 
with a view to strengthen and develop the muscular 
system and improve the physical condition. 

These active movements may be classed as 
follows : — 

(1) Exercises in which we move our own 

bodies. 

(2) Elxercises in which an extraneous but 

inert body is moved. 

(3) Antagonistic exercises. 

The first group embraces : (a) gymnastics on 
fixed apparatus ; (h) free movements, i.e., exercises 
performed without the aid of any apparatus. Swim- 
ming, running, walking, leaping, &c., may also be 
included in the same class. 
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The second consists of exercises with such movable 
apparatus as dumb-bells, bar-bells, clubs, wands, &c. 
Rowing, football, cricket, tennis, and cycling may be 
added. 

The third comprises wrestling, boxing, fencing, 
&c. ; also games in which opposition or resistance is 
offered by another person. 

Another classification may be based on the man- 
ner in which the exercises are performed, whether 
as (l)individual, (2) co-operative^ or (3)mass exercises. 

Individual exercises are those performed by one 
person ; in co-operative exercises, two or more take 
part in their accomplishment ; while in mass 
exercises a number of persons execute the same, or 
different movements, yet working together and 
observing the same rhythm. 

Physical Exercises are often classed on other 
principles, e.^., upon the muscles called into action 
by each exercise ; but when we consider that there 
are no isolated movements, this system of classifica- 
tion is hardly feasible. Even if it could be carried 
out successfully it would be useless for all practical 
purposes. For educational purposes, the best way is 
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to confine the classification chiefly to the actions of 
the various groups of muscles which are brought 
most frequently and prominently into play in moving 
the various joints and articulations in the body. 

This classification is especially applicable to those 
exercises which quicken the circulation of the blood, 
increase the breathing capacity, promote nutrition, 
and facilitate the elimination of waste products firom 
the system. 

In physical education, the term system may be 
defined as a scientific combination of exercises based 
on an anatomical and physiological knowledge of the 
human body, the classification of the movements, 
and their practical application. 

A method is the application of the exercises 
with regard to their suitability to age, sex, bodily 
condition, health, habits, and facilities which exist 
to aid in their execution. 



THE THEORY 



OF 



PHYSICAL EDUCATION. 



THE HUMAN SKELETON. 

The human skeleton constitutes by weight 
about one-sixth of the entire body, and consists of 
upwards of two hundred distinct bones. The 
spine is a flexible column consisting of thirty- 
three bones, the first twenty-four being separate 
from each other and known as the vertebrce ; 
the remaining nine in adult life are united, 
forming one bone, called the sacrum. Each vertebra 
articulates, by its body and articular processes, 
with the vertebrae adjacent. The seven bones 
forming the neck are called cervical, the next 
twelve dorsal, and the last five the lumbar 
vertebrae. A substance called the inter-vertebral 
fibrO'Cartilage, which is highly elastic in the 
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middle, tough and fibrous at the circum- 
ference, is interposed between the bodies of the 
vertebrae. Each cartilage, of which there are 
twenty-three, is united firmly to the bone above 
and below it, and allows of some play between 
the vertebrae, the total play permitting a consider- 
able amount of motion to the spine. These 
intervertebral substances not only play an im- 
portant part in counteracting the effects of shocks 
and sudden concussions, but are the chief cause, 
owing to their wedge-shape in various localities, 
of the antero-posterior curves of the spine. The 
intervertebral substances amount to about a fourth 
of the movable part of the column. These sub- 
stances are thicker between the lumbar and 
cervical than between the upper, middle, and dorsal 
vertebrae. The thinnest piece is situated between 
the 2nd and 3rd cervical vertebrae, and the 
thickest between the fifth lumbar and the sacrum. 
Each vertebra presents in front a segment of 
a pillar, which rests on the pelvis below, and 
supports the weight of the body; and a segment 
of a hollow cylinder behind, which lies parallel to 
the pillar, and contains the spinal cord extending 
from the brain to the loins. 

The spinal column gradually increases in size 
from above downwards. It is not straight, but 
forms a series of alternate curves. When a 



person stands erect with the weight of the body 
equally distributed between the feet, the antero- 
posterior curves of the spine are three in number. 
In the neck it has a slight convexity forwards; 
in the back it forms a rather long and bold curve 
backwards ; in the loins it is again slightly 
curved forwards, while below it is once more 
bent backwards. 

Upon the summit of the spinal column is the 
skull, containing the brain. The first bone of 
the spine, called the atlas, articulating with both 
the skull and the second bone of the spine, 
named the axis, confers upon the skull great 
freedom of movement. 

The thorax or chest is a kind of osseous 
cage bounded laterally by twenty - four ribs, 
twelve being placed on each side. The ribs are 
attached behind to the dorsal vertebrae. Most of 
them are connected by cartilage with the sternum 
or breast -bone, which is, viewed as a whole, a 
wide, flat bone, slightly convex in front, and 
concave behind, forming a sort of shield to the 
organs contained in the chest. 

The first seven ribs on either side are denomi- 
nated true, because their cartilages are joined 
directly to the sternum. The last five are termed 
false. The cartilages of the first three of these 
do not reach the sternum, but terminate in the 



cartilage of the last true rib ; while the remain- 
ing two, having no connection with the breast- 
bone, are termed free or floating ribs. 

The ribs increase in length from the first to 
the seventh, and diminish from the eighth to 
the twelfth. This increase is most noticeable in 
the five or six upper ribs. The first pair is 
nearly horizontal, while the others become suc- 
cessively more inclined downwards and forwards. 
The curvatures of the ribs become segments of 
circles increasing from the first downwards. 

Each shoulder consists of two bones, the 
scapula or blade-bone, and the clavicle or collar- 
bone. The scapula is a large, flat, thin bone of 
triangular iorm, lying on the posterior and lateral 
wall of the thorax between the 5th and 7th 
ribs. 

The clavicle is situated horizontally at the 
upper and lateral part of the thorax immedi- 
ately above the first rib, which it crosses 
obliquely. It rests internally against the upper 
border of the sternum, and it articulates at its 
outer extremity with the scapula. The clavicle 
and scapula form the shoulder-girdle to which 
is attached the bone of the upper arm. 

The upper arm is formed by a single bone, 
fhe humerus, which is attached to the shoulder 
above, and supports the fore-arm below. It is 



the longest, largest, and strongest bone of the 
arm. 

The fore-arm extends from the elbow to the 
wrist, and is formed by two bones, the radius 
and the ulna, the former carrying the hand, 
while the latter assists in forming the elbow 
joint. The radius is a slightly curved bone 
situated at the outer part of the fore-arm, and 
parallel with the ulna. The ulna is situated at 
the inner side of the fore-arm, and exceeds the 
radius in length, bulk, and strength. It tapers 
gradually from above downwards, while the radius 
diminishes from its lower towards its upper 
extremity. 

The hand contains twenty-seven bones united 
by thirty-two articulations. It is the smallest and 
most complex division of the upper extremity. 
It is divided into three portions, viz. : — the 
carpus or wrist containing eight bones, the meta- 
carpus or palm consisting of five bones, and the 
phalanges or finger-bones which number fourteen. 

The pelvis, or haunch-bone, is an irregular 
shaped girdle attached to the lower end of the 
spinal column which it supports, and resting 
below on the thigh bones, to which it transmits 
the weight of the trunk The haunch bears the 
same relation to the leg as the shoulder does 
to the arm. The sacrum is the means of attach- 



ment of the spinal column to the pelvis, and 
consists of a large pyramidal bone inserted like 
a wedge into the posterior part of the pelvis. 

The haunch-bone presents near the middle 
of its outer aspect a large cup-like socket for 
articulation with the head of the thigh-bone. 

The thigh is formed by a single bone called 
the JemuT, which transmits the entire weight of 
the body from the haunch to the legs. This 
bone is the largest, heaviest, and strongest of 
the whole skeleton. 

The leg is formed by three bones, viz. : — two 
long ones called the tibia and fibula (respectively 
analogous to the ulna and radius of the upper 
extremity) and a small appendage named the 
patella or knee-cap, a small flat bone of trian- 
gular form which serves to protect the knee 
joint. This is the largest joint in the body, 
and is formed by the articulation of the femur 
with the tibia. 

The tibia occupies the anterior and internal 
part of the leg, extending in a direct line from 
the thigh to the foot. It is the largest bone 
of the leg, and, excepting only the femur, of 
the entire skeleton. 

The fibula is a long, slender bone situated 
on the outer side of the leg, nearly parallel to 
the tibia. 



The foot is composed of twenty-six bones 
united by thirty-two articulations, and arranged 
in three divisions, viz., the tarsus which consists 
of seven bones, the metatarsus consisting of five 
bones, and the phalanges or toe-bones numbering 
fourteen. These divisions correspond to the three 
parts of the hand, and like them are distinguished 
by well-marked peculiarities of size, form, and 
structure. 

ARTICULATIONS. 

The surfaces by which bones unite are called 
articular; and the place of junction, or joint, 
between any two bones with its accompanying 
ligaments, cartilages, &c., is called an articulation. 

The joints which are formed between the bones 
are divided into two classes, termed immovable 
and movable. The immovable joints are found 
in the skull, the bones of which are firmly 
locked together by saw-like joints called sutures. 

In some movable joints the movement is 
extremely limited, two more or less flattened 
surfaces moving slightly on each other. In this 
case, of which the wrist and ankle are examples, 
although the movement in any one joint is 
very slight, yet when several such joints are 
in close proximity, the total amount of motion 
is considerable. In other cases of movable 
joints the movements are very free, as in the 



hinge joints of the fingers and toes, where a 
to-and-fro movement is permitted, but still 
through a wide range. The elbow and knee 
are alsQ examples of this class of joint. The 
most complete and perfect type of joint, which 
admits of the greatest variety of movement, is 
the ball and socket joint, found at the shoulders 
and hips, and forming (with that of the thumb) 
the most movable in the body. 

The articulating surfaces of bones are capped 
with a smooth surface composed of a highly 
polished layer of cartilage or gristle. The ends 
of the bones are strongly bound together by 
ligaments, and are more or less supported by 
muscles. To enable the articulating surfaces to 
move freely on each other they are lined with 
a delicate membrane, secreting a lubricating 
fluid called synovia, which permits easy move- 
ment with the least amount of friction. Joints 
so provided are termed perfect joints, all others 
being imperfect. 

In the case of the spinal column no actual 
joints exist between the numerous bones which 
compose it. 

The head can be moved forwards and back- 
wards, from side to side, and rotated. Nodding 
takes place in the joints between the atlas and 
the occipital bone or base of the skull. When 



the head is bowed more freely the movement 
of the cervical vertebrae comes into play. Approx- 
imation of the head to the shoulder is chiefly 
eflFected by the lateral neck movement. Rotation 
is permitted by the joints between the atlas 
and the second cervical vertebra, called the axis. 
The axis is fixed, and the atlas, bound to it 
by the transverse ligament, moves to the right 
and left, canying the head. Only a part of the 
whole rotatory movement is performed by the 
atlas and axis, the rest being due to the neck. 
The spinal column can be bent forwards, 
backwards, to either side, and rotated. In 
flexion the vertebrae between the axis and sacrum 
are bowed forwards. The greatest movement 
takes place between the last two lumbar ver- 
tebrae and the sacrum, and the least in the 
upper half of the dorsal region, where the ribs 
are united directly with the sternum. The bodies 
of the bones are brought nearer together in 
front, whilst they are separated behind. In 
extension the vertebrae are arched backwards, 
but not to so great a degree as when the 
spine is bent forwards. The motion is greatest 
in the neck, and is least in the dorsal vertebrae, 
which are fixed by the true ribs and the 
sternum. The posterior parts of the vertebrae are 
approximated, whilst the anterior are separated. 
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In lateral inclination the spine is curved to 
the right or to the left side. As in extension 
and flexion, the movement is least in the more 
fixed upper dorsal vertebrae, and is greatest in 
the neck. On the concave side of the curve 
the vertebrae are brought nearer together, and 
are carried away from each other on the oppo- 
site side. 

In rotation the bodies of the vertebrae are 
twisted around a line through their central axes. 
The degree of rotation is greatest in the 
cervical and the upper dorsal region, but is 
absent in the lumbar part of the column. The 
general amount of rotation in the trunk is 
between 30° and 40° to either side. Occasionally 
persons are met who can only turn 25° each 
way. 

Instances of rotating to the extent of 60° 
to either side have been noted in the case of 
persons used to a very active life, such as 
acrobats^ &c. 

In the shoulder-joint there is the common 
motion in four directions, together with rotation 
and eircumdiu;tion. Carrying the humerus for- 
ward constitutes flexion, and moving it backwards 
extension. Flexion is less limited than extension. 
When the limb is raised sideways it is abducted, 
and when depressed it is adducted. There are 
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two kinds of rotatory movement, viz., inwards 
and outwards, or forwards and backwards. In 
dreumduction the humerus passes in succession 
through the four different states above men- 
tioned^ and describes a cone whose base is at 
the finger points, and its apex at the shoulder. 

The elbow-joint permits of flexion and 
extension only. In flexion the bones of the 
fore-arm are moved forwards; in extension they 
are moved backwards. Directing the palm of the 
hand to the ground is called pronation, and 
directing it upwards is named supination. These 
two movements are performed by one bone of 
the fore-arm, the radius, rotating on the other, 
the ulna. The radius articulates with the 
carpal bones and forms the wrist -joint; the 
ulna forms the elbow-joint by articulating with 
the humerus. 

The wrist-joint possesses motion in four 
different directions, and also circumduction. In 
^ftexion the hand is moved forwards and inwards. 
In extension it is carried backwards and 
outwards. The movement backwards is freer than 
that forwards. In abduction and adduction the 
movement is freer towards the ulna than to 
the radial side. In circumduction the hand 
describes a cone whose apex is at the wrist, 
and its base at the finger-pointa The thumb* 
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joint possesses angular movement in opposite 
directions, with opposition and circumduction ; 
while the fingers have motion in four opposite 
directions only, and circumduction. 

The hip-joint is capable of performing the 
same kinds of movement as the shoulder-joint, 
viz., -flexion and extension (or to-and-fro move- 
ment), abduction^ adduction, rotation and circum- 
duction. In circumduction, the four kinds of 
angular motion above noticed take place in 
succession ; but all movements are less free 
than in the shoulder-joint. There are two kinds 
of rotation, internal and external. 

In the former, the great toe is turned inwards ; 
and in the latter, the more extensive of the 
two, it is moved outwards. 

The usual movements of the knee are two in 
number, flexion and extension as in the elbow; 
but there is in addition a slight rotation of the 
leg when the joint is half bent. 

The movements of flexion and extension are 
permitted in the ankle. In the former state, the 
toes are raised towards the fore-part of the leg, 
and in the latter, they are pointed towards the 
ground. When the joint is half extended, a 
slight movement of the foot inwards and out- 
wards may be obtained, but it is prevented if 
the foot is forcibly extended. 
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The movements of the toes are of a similar 
kind to those of the fingers, but, with one 
exception, more limited in range. The excepted 
movement is that of extension, which can be 
carried a little further in the toes than in the 
fingers. 

MUSCLE. 

A single muscle is a vast aggregation of 
contractile cells, arranged in linear series called 
fibres, which in turn are gathered into bundles, 
termed fasciculi. The arteries and veins usually 
lie side by side in these bundles of fibres, while 
the capillaries form a mesh-work lying between 
and upon them. These muscle fibres are 
spindle - shaped, varying from -^ to yj^ of an 
inch in diameter, and are seldom more than 1\ 
inches in length. The walls of the capillaries 
are permeable to lymph — as the nutrient portion 
of the blood is called — so that the muscle 
fibres are enabled to derive their nutriment from 
the lymph by which they are surrounded. 
The muscle fibres, fasciculi, nerve fibres, and 
nutrient blood-vessels are supported and bound 
together by elastic connective tissue, so that 
each muscle has its special sheath, and is 
attached by inelastic tendons to the parts 
which are approximated through its action. 
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The more fixed extremity of a muscle is called 
its origin, and the more movable its insertion. 
Generally speaking the origin of a muscle is that 
part situated nearest to the central axis of the 
body. In muscular movement the origin and 
insertion of muscles become more or less 
approximated, the insertion being brought nearer 
to the origin. 

Muscles form by weight nearly one-half of the 
human body, and are red in colour owing to 
the blood contained in them. The characteristic 
of muscular fibre is its power of contracting on 
the application of a stimulus, and relaxing when 
the stimulus is withdrawn. 

When a muscle contracts, it produces motion 
by moving the bones to which it is attached. 
When a muscle thus acts its total bulk is 
in no way altered, for what is lost in length 
is gained in thickness. It not only swells but 
it becomes firmer, and during its greatest 
degree of contraction its length is diminished 
to about one-half. 

All living muscle is constantly in a certain 
state of tension ; consequently it is able almost 
instantaneously to respond to any stimulus that 
may be transmitted to it, promptness of action 
being the result. 
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There are 527 muscles in the human body, 
522 being in pairs, and 5 single on the median 
line. There are 83 in the head and face, 49 
in the neck, 78 in the thorax, 33 in the 
abdomen, 78 in the back, 98 in the upper 
extremities, and 108 in the lower. 

The muscles may be divided into two classes, 
viz., hng and short The former generally pass 
over one or more joints, while the latter do 
not pass over joints. The short muscles are 
employed as motors, while the long ones, as a 
rule, act as governors to the joints over which 
they pass, and regulate movement. 

Muscles are also classed as voluntary and 
involuntary. The former are those which are 
under the control of the will, and are found 
chiefly in the head, neck, trunk, and extremities. 
These muscles generally correspond on each 
side of the body, and are . in most instances 
composed of a belly, and a tendon at each 
extremity. The latter are found chiefly in the 
thorax and abdomen, as in the heart, stomach, 
intestines, &c. They are not symmetrical, and 
are generally pale yellow in colour, except the 
heart, which is pale reddish. These do not 
possess tendons in the true sense of the word, 
and are independent of the will. Such muscles 
as the diaphragm, sphincters, &c., are partly 
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under the influence of the will, but yet frequently 
act independently of it. 

The muscles which are employed in respiration 
may be considered as being both voluntary and 
involuntary. During sleep or when the body 
is perfectly tranquil, the respiratory movements 
are quite involuntary ; but during the waking 
hours, whenever the number or duration of 
either the inspirations or expirations is altered, 
these changes are either involuntary, or may 
be brought about in obedience to the will. 

LEVERS. 

In the action of most of the muscles, and 
especially those of the extremities, we have 
examples of the three orders of levers. In 
the first the fulcrum lies between the power 
and the weight. The nodding of the head on 
the atlas, the tapping of the toe on the ground, 
straightening the elbow -joint, and the motion 
of the trunk on the hips are examples of the 
first order. Levers of the second order are those 
in which the weight lies between the fulcrum 
and the power. The leg when lifted off the 
ground as in hopping, and raising the body on 
the toes, are illustrations of the second order. 
In the tliird order the power is between the 
fulcrum and the weight. Bending the fore-arm 
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on the arm, extending the leg on the thigh, 
the motion of the lower jaw, raising the rib^ 
by the intercostal muscles, and raising a weight 
on the toes, are examples of this order. 

The great advantage derived from the dis- 
position of levers in the human body, whereby 
motion is gained at the expense of power, is 
seen in the various acts of walking, running, 
leaping, &c. 

The first order of levers, although the most 
powerful, is that least used in the animal 
economy, as its use is less productive of exten- 
sive motion. Therefore nearly all movements 
are performed at a mechanical disadvantage and 
loss of power. These are more than counter- 
balanced by the rapidity and range thus obtained ; 
while by the obliquity of the muscle attach- 
ments we not only obtain range but also 
precision, accuracy, and symmetry with the least 
possible expenditure of power. 

EQUILIBRIUM. 

In walking and running, each leg is alternately 
active and passive — one swinging, relaxed from 
the trunk which at the same time carries it 
forward, while the other is actively engaged in 
successfully fulfilling the four conditions of pro- 
gression, viz., in imparting the required elasticity 
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to the tread at the moment of impact; after- 
wards in balancing and supporting the body on 
the narrow basis of the planted foot ; and lastly 
towards the end of the step, in pressing back- 
ward against the ground so as to urge the 
whole mass forward. 

In standing, the limbs are employed only to 
support and balance the body ; in progression, 
besides performing these functions, they have 
also to act as propellers and springs. 

To maintain the erect position, when standing, 
almost all the extensor muscles are in a 
state of contraction ; therefore the position is the 
result of the accurately proportioned contraction 
of a multitude of muscles which oppose and 
balance one another. The body may also be 
supported in any position by such antagonistic 
contractions, provided its centre of gravity is 
situated vertically over any point in the space 
enclosed by the feet. 

The head, resting upon the first vertebra, at 
a point of its base which is nearer to its 
posterior than its anterior part, cannot remain 
in an upright position except by an effort of 
the muscles of the back of the neck. It is the 
cessation of this effoi*t that causes a person to 
"nod" when falling asleep in a sitting posture. 

The vertebral column being placed behind, all 
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the organs contained in the chest and abdomen 
are suspended in front of it, and would cause 
it to bend forward unless the strong muscles of 
the back prevented it from doing so. 

A similar observation may be made with regard 
to the pelvis, which by its conformation would 
bend forward upon the thighs if it were not 
kept back by the powerful muscles of the 
buttocks and hips; while those reaching from the 
ribs to the pelvis prevent any tendency to fall 
backwards. 

In front of the thighs are the muscles which, 
by keeping the knee-cap in position, are the 
means of preventing the knee from being flexed. 

Lastly, the muscles forming the calves of the 
legs are the means of preventing the ankles 
from bending. 

The position of the centre of gravity, how- 
ever, varies more or less with every change in 
the relative positions of the parts of the body, 
ascending if the arms are raised, advancing or 
receding as they are thrown backward or forward, 
and following in like manner the various move- 
ments and inclinations of the head, trunk, and 
lower extremities. In all these postures, it is 
essential to the stability of the column, repre- 
sented by the trunk, that a line dropped 

vertically from its centre of gravity, for the 

2—2 
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time being, should fall on some point within 
its base. For the fulfilment of this indispens- 
able condition, we stand habitually with the 
feet so disposed as to furnish the most extensive 
area of support that can be maintained without 
fatigue, or an inconvenient separation of the 
legs. 

When the feet are so placed that the distance 
between the outside points of the heels exactly 
equals the length of the foot, the greatest area 
of support will be obtained by turning the 
feet at an angle of 60° to each other. It may 
be said that the feet are unconsciously, and as 
it were instinctively, placed at or about this 
angle when it is desired to plant the body 
firmly in the upright posture. 

The perfectly erect attitude of a person in 
the position of "Attention" is difficult to main- 
tain for any length of time, firstly, because the 
basis of support is nearly the smallest possible, 
being merely the area enclosed by the feet 
with the heels together ; secondly, because the 
column of the body is elongated to its greatest 
height, and the difficulty of preserving the 
equilibrium must be in relation to the distance 
to which the weight is removed fi:om the basis 
of support. The pernicious practice of compelling 
school children to " toe the line,*' with their 
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feet parallel and touching, is to be condemned. 
In this position the basis of support of the 
body is reduced to the least possible area, and 
the difficulty of preserving the equilibrium is 
thereby greatly increased. 

The feet never require to be turned so far 
apart as to form a right angle when standing at 
" attention." 

The position of " Standing at ease " gives 
instant relief from that of " attention," because the 
basis of support is enlarged, the centre of gravity 
changed, and the muscles which are ' chiefly 
engaged in preserving the perfectly erect position 
are relaxed. 

To "Stand easy" still more completely illus- 
trates this principle ky allowing the individual 
to change and re-change his attitude at will, 
thus enlarging the basis of support, changing 
the centre of gravity with every change of 
position, and permitting easy and effortless 
alteration of action to the muscles which have 
been engaged in a single and rigid mode of 
action. 

In standing on one foot, the supporting area 
sole which remains stationary, and the difficulty 
i^ of course reduced to the extent of the 
of balancing the body becomes proportionately 
greater. This difficulty is increased when various 
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movements are performed with the raised leg or 
the upper limbs, and its maximum is reached 
when the heel is raised from the ground and 
the weight rests entirely on the toes of a single 
foot. In these positions of difficult equilibrium, 
the least displacement of any one position of 
the frame requires to be compensated by a 
precisely equivalent movement of some other 
part in the opposite direction, without which 
the centre of gravity would be carried beyond 
the area of support, and the body would of 
necessity be overthrown. 

The liability of the body to be overthrown 
is greatly diminished in the sitting posture, 
firstly by the enlargement of the basis on which 
the trunk rests, and secondly by the reduction 
of the height of the centre of gravity above 
the supporting surface. Hence in sitting, not 
only are the lower extremities relaxed, but the 
vertebral column itself is held erect with less 
exertion than usual, for which reason this posture 
is one of comparative repose. Perfect rest is 
only possible when the centre of gravity is so 
placed that the force of gravitation tends to 
maintain, not to alter, its position; a condition 
which, for a jointed framework such as the 
human body, can only be fulfilled in the 
horizontal or recumbent posture. 
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MILITARY DRILL. 

Military drill alone is insufficient as a means 
of physical culture, and should only be used as 
a supplementary measure in the physical educa- 
tion of children. Its use fails to bring the 
chest, shoulders, and arms into vigorous action, 
as these parts are invariably kept immovable 
and in one constrained position ; while muscular 
action is almost totally confined to the lower 
limba Still it has its uses, for it is strictly 
essential in the preliminary positions which 
precede the introduction of physical exercises. 
It teaches children to walk with a regular step, 
and in a manner most conducive to a good 
carriage, and will prevent the common practice 
of foot stamping in marching. It accustoms 
them to orderly formations, which may be 
advantageous in cases of panic, and indirectly 
shows them the value of co-operation, and the 
necessity and advantage of discipline. If used 
as an adjunct to such physical exercises as are 
calculated to invigorate the body, it will greatly 
assist in making the form erect, and the chest, 
shoulders, <kc., strong and well developed. When, 
foot stamping is permitted during marching, 
three pernicious results ensue, (1) a full pace 
cannot be taken at each step, (2) the feet meet 
and quit the ground in an unnatural manner. 
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(3) and the proper action of the knee and 
ankle-joints is impossible, 

NERVES. 

The whole of the functions carried on in the 
different parts of the body are regulated by 
the nervous system, which comprises the brain 
and spinal cord. From these two organs numerous 
nerve fibres take their origin. Each nerve fibre 
is a minute, semi-transparent, hollow filament, 
having in the living animal the appearance of 
white or cream-coloured threads. 

The terminal portion of a nerve fibre spreads 
out underneath the sheath of connective tissue 
which surrounds a muscle fibre, and ramifies 
in fine fibrils through the contractile cell 
substance. 

The central strand, or axis cylinder, of a 
nerve fibre enters the muscle fibre or cell by 
passing through the single opening in the 
muscle sheath at its central end, and terminates 
in an enlargement called the motor end plate 
or disc. To this disc is connected the sheath 
which surrounds each ultimate muscle fibre, so 
that the disc is a means whereby both nerve 
and muscle are most intimately connected. 
Thus the contractile substance of the muscle 
cell i3 connected with the irritable generating 
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substance of the central nerve cell, the axis 
cylinder of the motor nerve being the connecting 
link. 

Running down the small canal of the vertebral 
column is the ttpinal cord, from which spring the 
roots of the spinal motor and sensory nerves, and 
which is a continuation of the brain. Two kinds 
of structure enter into its composition, viz., a white 
matter forming the external layer, and a grey 
composing the internal mass. These structures 
have respectively somewhat different functions. 
The white matter possesses the same principles 
of structure as ordinary nerves, but having 
sensory as well as motor fibres it is spoken 
of as possessing a mixed function. Each of the 
thirty-one pairs of nerves issuing from the cord 
has two roots, the posterior one being sensory 
and the anterior motor in function. They are 
also called respectively afferent and efferent nerves, 
the former carrying the impression inwards, the 
latter the stimulus outwards. 

The grey matter, in addition to its own 
fibres, has nerve cells, which enable the spinal 
cord not only to pass a motor impulse outwards, 
but also to generate movements in the muscles 
affected. In many muscular movements this 
process becomes a habit, for a person may be 
occupied mentally about other matters, and 
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still pursue the movements irrespective of the 
power of volition. It appears to be the special 
province of the spinal cord to govern such 
bodily actions when the brain may be otherwise 
employed. 

The brain is a somewhat convex, soft mass 
with many convolutions of grey matter upon its 
surface. It differs from the spinal cord as it 
has its white matter inside and its grey outside ; 
but nevertheless it possesses nerve fibres, and 
its grey matter contains nerve cells also. As 
in the spinal cord, its white matter is sensory 
and the grey matter motor. The latter is also 
able to assert itself by the production of 
the so-called reflex actions. Still the brain has 
a higher function than that of the spinal 
cord, for it is the seat of the will and of the 
powers of voluntary movement. 

In reflex action we find that the muscle 
movements take place without any stimulus 
being transmitted from the brain. The sensory 
or afferent nerves are excited by the sensation 
travelling along their whole length till it enters 
the spinal cord, where the nerves have their centres. 
From these centres start the motor nerves which 
cause the muscular action to take place, and 
from each centre a third nervous filament 
runs direct to the brain by which the impression 
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is intensified. If the sensory impression, instead 
of being transferred from the nerve centre to 
the brain, stay at the nerve centre, then the 
latter has the power of at once changing it 
into a motor impulse by exciting the motor 
nerve running to the muscle. The motor centre 
reflects the impression, and hinders it from 
being continued to the brain. 

Numbers of movements performed in every- 
day life are reflex movements, and are carried 
on without any intervention of the brain. 

All voluntary muscles have sensory as well as 
motor nerve fibres. These are the channels 
for the impulses which give rise to muscular 
sensibility. 

The brain is the most complex structure in 
the human body. In the adult man it weighs 
from 45 to 50 ounces ; in the newly bom child 
from 10 to 14 ounces. It reaches from 35 
to 40 ounces at the age of 7. It slowly 
and steadily declines after 45 years of age 
at the rate of about 1 ounce in 10 years. 
The average weight of the female brain is less 
than the male, amounting to about 5 ounces 
less in the adult. 

MOVEMENT. 

To effect voluntary movement there must be 
in operation: — (I) The brain as the source of 
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will. (2) The nerves which convey the intimations 
of the will to the muscles. (3) The muscles 
themselves. 

To excite the irritability of muscle and cause 
it to contract, a stimulus and intermediate 
agents are required. These are found in 
the brain, spinal cord, and the motor and 
sensory nerves. If the nerves in any part of 
the body be cut, a complete paralysis of the 
limb to which such nerves belong results, and 
no amount of mental stimulus will produce the 
least movement in those parts. The muscles 
have ceased to obey the will, and remain 
inactive. If the paralysed muscles were to 
receive a galvanic shock or were sharply 
pinched, they would contract and so move the 
bones to which they are attached. A severing 
of the spinal cord, or a lesion of the brain, 
produces similar inactivity of the muscles, but 
does not prevent the effect of the mechanical 
stimuli mentioned above. 

Although contractility is an inherent quality 
of muscle, by which it indicates an individuality 
and a function peculiar to itself irrespective 
of any nervous influence, yet without the nervous 
stimuli they lose all power of mediation between 
the brain on the one hand and the agent on 
the other. 
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The nerves are powerless in themselves to 
produce muscular contraction, their function being 
simply to pass on to the muscles the stimuli 
received from the nerve centres or the brain. 

In all the movements of the body there is 
nearly always sympathy of action. Thus the 
lower limbs often aid in the force which seems 
to be located solely in the arms. A man 
seated cannot deal a blow with his fist so 
eflectually as when standing, because he loses 
the aid of the force located in the muscles of 
the legs, loins, and abdomen. It is thus evident 
that muscular movements are not always 
localized ; indeed an exercise may produce very 
beneficial results in a part of the body remote 
from the exact seat of the primary action. 

Voluntary muscles are of two kinds, viz., 
fl,exorfi and extensors which work antagonistically 
to each other. Flexors are those which produce 
action by approximating the bones and parts to 
which they are attached ; while the extensors 
are those which produce an extending or 
straightening movement in the limbs, thus 
restoring them to their former positions. Such 
antagonistic action tends to control and balance 
muscular movement, thereby securing perfect 
accuracy and precision. 

The co-ordination of muscular movement, i.e., 
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the precision with which the various antago- 
nistic muscles in any group can regulate 
each other's actions, is perfected by judicious 
exercise. By long practice and with the associa- 
tion of ideas, it is possible to educate antagonistic 
muscles so as to ensure that they will ultimately 
work in perfect harmony. This co-ordination of 
movement is the result of the cultivation of 
the muscular sense. It is by this sense that 
we are made conscious of the state of the 
muscles, enabling us to resist effort, and to 
regulate the amount of energy necessary to 
counteract the action of a certain opposing 
factor. Every movement requires the employment 
of a large number of muscles, and in order to 
gain precision of movement every muscle must 
generate a definite amount of force, i.e., the 
'muscles must co-ordinate in the execution of 
the movement. By this means each muscle 
contributes the amount of nervous energy which 
is just sufficient to produce the necessary con- 
traction. 

In performing voluntary movement it is necessary 
to discipline the various groups of muscles and 
assign to each its own individual part in the 
work of the whole. Towards the furthering of 
this, the positions or attitudes of the body 
during movements play no mean part, but they 
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must be carefully and frequently regulated before 
such movements can be said to be perfected. 

The natural movements of the body are of 
two kinds, viz., voluntary and involuntarif . 
The first are performed consciously by those 
muscles which are under the control of the 
will, and constitute exercise in the true 
sense of the word. The second take place 
unconsciously and consist of the performance 
of the vital functions, e.g., respiration, circulation, 
digestion, &c., and also the exercise of all the 
muscles when they act involuntarily. 

Exercises may be classed under two heads, 
viz., active and passive. Active exercises may 
be defined as muscular movements produced by 
muscular contraction. They are those in which 
the body is moved and agitated by its own 
force \vith or without the intervention of the 
will. Remedial gymnastics, or the artistic and 
habitual exercise of particular parts with the 
view of augmenting the functions and power 
ot* certain muscles, may be included in the 
same class. 

These voluntary exercises always produce a 
general excitement more or less powerful ; 
numerous muscles and organs are brought into 
action, nutrition is widely distributed, and the 
beneficial effects are felt over the entire body. 
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Passive exerdxe, or massage, may be defined 
as a scientific method of treating ailments by 
systematic manipulations. In these the body is 
agitated and moved by a cause distinct from 
muscular action, although the muscles may 
assist by contracting sufficiently to preserve a 
fixed position. They are strictly speaking more 
specious than real, as it is almost impossible to 
set in action certain muscles without involving 
others in the movements. Passive exercises have 
a beneficial eflFect upon nutrition ; they increase 
the strength and vigour in invalids and others 
without causing much muscular or nervous 
excitement. The pulse is rarely quickened, very 
little or no increase of temperature is experienced, 
and perspiration is seldom produced. Such 
therefore cannot strictly be considered as exercises, 
as the limbs are moved without any effort on 
the part of the person under treatment. 

In order to perform exercises which have 
been seldom practised, the muscles require a 
considerable amount of training to enable them 
to promptly obey the mandates of the will. 
This perfect command of body and limb is of 
the utmost importance in the physical culture 
of the young. Each muscle is replete with its 
own force, but is incapable of utilizing it 
advantageously until it has undergone such an 
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amount of training as will enable its movements 
to become as nearly as possible automatic. 

CHEST. 

The cavity of the thorax is the space enclosed 
by the spinal column, the sternum, the ribs, by 
certain muscles in the intervals of the bony 
framework, and by the diaphragm. In it the 
organs of respiration and the heart with its 
great vessels are lodged. 

The form and dimensions of the thorax differ 
in the sexes, and in the same individual 
at different periods of life. It is wider and 
shorter in the female than in the male. In 
the adult its transverse diameters exceed those 
which are measured from the anterior to the 
posterior wall The capacity of the thorax 
indicates the volume of the lungs, which usually 
bears a direct proportion to the development of 
the muscular system and the general vigour of 
the body. A well developed chest is the sign 
of sound health ; a narrow, contracted one with 
a prominent sternum indicates an inherent 
weakness of constitution, and is frequently 
accompanied by a consumptive tendency. 

The principal oflSce of the thorax is to 
contain and afford protection to the lungs, and 
to force air alternately into and out of their 
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cells. The middle region of its cavity is occupied 
by the heart. 

Forming the floor of the thorax and separating 
it from the abdominal organs is a powerful 
muscle called the diaphragm, which is the chief 
agent in respiration. Its central part, which 
supports the heart, is a flat tendinous expansion ; 
while the lateral portions, which sustain the 
lungs, are composed of curved muscular fibres. 
By the contraction of the anterior and posterior 
portions of the muscle, the central tendon ia 
rendered tense so as to become a fixed centre 
for the action of the lateral fibres ; and being 
flat, and connected by short muscular fibres to 
the cartilage at the base of the sternum, it 
descends but slightly. The lateral muscular 
fibres on the contrary are very long, and arch 
upwards into the cavity of the thorax, reaching 
the level of the fifth rib. Each lateral muscular 
contraction tends to bring the whole length of 
its curved fibres into the same plane, and 
consequently enlarges the thoracic cavity. 

The hoop formed by a pair of true ribs and 
their costal cartilages is inclined in two senses : — 
1st, the entire hoop is inclined downwards and 
forwards from its spinal to its sternal attach- 
ment, so that its anterior is lower than its 
posterior portion ; 2nd, each lateral segment of 
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the hoop is inclined downwards and outwards 
from the median plane of the body, so that 
the middle of the shaft of each rib is below 
the middle of a straight line connecting its 
extremities. To bring a rib, thus inclined, into 
a horizontal position, two things are necessary : — 
1st, its anterior extremity must be raised to a 
level with its posterior extremity ; 2nd, its 
middle portion must be raised to a level with 
its ends. The former of these actions will 
carry forward the anterior extremity of the rib 
and the sternum, thereby increasing the antero- 
posterior diameter of the chest. The latter will 
carry the middle of the rib outwards, thus 
everting it, thereby increasing the transverse 
diameter of the chest. Therefore these two 
actions performed simultaneously will dilate the 
cavity in both directions. Each rib is pro- 
vided with muscles by whose contraction all 
its parts are brought nearer to the horizontal 
plane in which its posterior extremity is 
situated. These muscles act chiefly during 
inspiration ; while the muscles antagonistic to 
them assist in restoring the ribs and sternum 
to the positions which they occupied before 
expiration. 

The size of the thoracic cavity is constantly 

varying during life, owing to the movements of 

3—2 
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the ribs and the diaphragm. The horizontal 
measurements are increased in inspiration, the 
ribs and sternum being raised and pressed 
outwards, the former being slightly separated 
from one another ; while in expiration they are 
diminished by the sinking of the sternum and 
ribs. The alteration in depth is due to the 
action of the diaphragm which descends when 
air is taken into the lungs, thereby increasing 
the cavity, and ascends when the air is expelled 
from those organs so as to restore the thorax 
to its previous size, or to diminish it in violent 
efforts. 

Thus inspiration, enlarges the thoracic cavity 
in three directions (1) longitudinally ; (2) from 
side to side ; (3) and from front to back. 

LUNGS. 

The lungs are two in number and are con- 
tained in the cavity of the thorax, one on each 
side of the spinal column. The base of each 
lung is hollowed in the centre and fits on the 
convexity of the diaphragm, following the shape 
of that muscle. The lung is of a somewhat 
conical form and takes its shape from the 
space in which it is lodged. The right lung is 
divided into three lobes, and the left into two. 

The lungs weigh from 40 to 50 ounces. The 
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right one is about two ounces heavier, a little 
larger and wider, but an inch shorter than the 
left. 

The tissue forming the lungs consists of minute 
recesses or cells in which the smallest branches 
of the air-tubes terminate. The spongy mass 
of the lungs is formed by the grouping of 
these cells into lobules, and by the aggregation 
of the lobules into larger masses or lobes. Each 
lobule is distinct from its fellows, and possesses 
its own air-tube, nerves, and vessels with which 
to carry on its function and nutrition. In 
other words, a lobule is a cluster of air-cells 
around a terminal branch of an air-tube. 

The lungs are covered by two serous membranes 
called the pleuroe, which divide the thorax into 
two distinct cavities having no communication 
with each other. The pleurae support the 
contents of these cavities and prevent the 
weight of one lung from pressing the other 
when the body is reclining on one side. The 
inner surfaces of the pleura covering each lung 
do not, in their normal state, adhere but 
glide freely one on the other. The outer 
membrane on each side, the pleura coatalis, 
is firmly attached to the inner walls of the 
thorax and to the diaphragm ; while the inner 
membrane, the pleura pulmonalis, is firmly 
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attached to the lung and closely follows its 
shape. The pleurae are therefore conical, their 
apices projecting into the neck above the first 
pair of ribs. 

In respiration, air is alternately drawn into 
and expelled from the lungs ; but they are not 
completely emptied and refilled at each act. 

The most mobile part of the lungs is that 
situated nearest to the diaphragm, and diminishing 
gradually upwards to the apex. 

Tranquil breathing in the adult is from 16 
to 18 times a minute, and after each inspiration 
the lungs contain about a gallon of air, the 
only purpose of which is to oxygenate the 
blood. From IJ to 2 pints of air are taken 
into the lungs at each inspiration, and we 
breathe upwards of 24,000 times in the 
twenty-four hours. Children breathe much more 
rapidly than adults, as their rate ranges from 
20 to 30 a minute. 

Capacity of lungs : — The- amount of air passing 
in and out of the lungs at each respiratory act 
is from 20 to 30 cubic inches. This is called 
the tiiJal air. After the deepest possible 
expiration there remain in the lungs firom 75 
to 100 cubic inches of air, termed residual 
air. An ordinary expiration leaves from 150 to 
200 cubic inches of air, called the stationary 
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air. The difiference between the residual and 
stationary air is called the supplemental air. 
After the lungs have been inflated by an 
ordinary inspiration, it is possible, by an effort, 
to inspire from 90 to 120 cubic inches extra, 
which is called complemental air. On an average 
the lungs contain about 280 cubic inches of air. 

The lungs, therefore, may contain as much as 
350 cubic inches, and as little as 75 to 100 
cubic inches of air. 

The vital capacity of the lungs means the amount 
of air which can he expelled by the deepest 
expiration after the deepest inspiration. This 
averages for a man, 5ft. Sin. in height, about 
225 cubic inches; it increases with height up to 
6 feet, then generally diminishes. 

The capacity of the chest increases, from 
about the fifteenth to the thirty-fifth year in 
the average individual, at the rate of five 
cubic inches per year ; from the age of 
. thirty-five to that of sixty-five it gradually 
diminishes at the rate of about one and a 
half cubic inches per year. Thus the respiratory 
capacity of a man sixty years of age would be 
about thirty cubic inches less than that of a 
man of forty years of the same height and 
weight. Weight apart from height diminishes 
this vital capacity. 
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AIR AND VENTILATION. 

The atmosphere essentially consists of a 
mechanical mixture of two gases, viz., nitrogen 
and oxygen, in the proportion of about 79% 
of the former to 21% of the latter. It also 
contains a trace of carbonic acid, and differs 
in various localities as to temperature and 
moisture. Recently a professor of the London 
University announced the discovery of a third 
constituent, to which the name of "Argon" is 
provisionally given, while another element, named 
'• Helion," has still more recently been discovered. 

In ordinary breathing, only a small quantity 
of the oxygen contained in the air is consumed. 
During muscular exertion, the contraction of the 
muscular tissue produces a more rapid flow 
of blood from the heart. This accelerated flow 
causes deeper breathing, thus supplying a 
greater amount of oxygen to the blood as it 
passes through the lunga In crowded assemblies 
a vast amount of oxygen disappears at every 
moment, being absorbed in breathing, and a 
large amount of carbonic acid is given oiit. 
The expired air is always from 97° to 99° Fah. 
in temperature and saturated with moisture. 
The oxygen is reduced to 16%; nitrogen remains 
unaltered ; but the carbonic acid is increased 4 or 
5%, and in addition other impurities, chiefly 
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organic, are found It is estimated that about 
half-a-pint of water is given off from the lungs 
of an adult in the form of vapour every 
twenty-four hours. 

The main purposes of respiration are to 
introduce oxygen into the blood for its main- 
tenance ; into the tissues as a means of aiding 
their nutrition, and as a necessary stimulus for 
their action ; and to eliminate as quickly as 
possible the carbonic acid and other impurities 
which are constantly being formed in all parts 
of the system. 

One per cent, of carbonic acid in inspired 
air will cause headache and languor. If this 
quantity has been produced by the repeated 
breathing of the same .air, as in a closed or 
ill-ventilated room, the effects are more injurious, 
showing that other impurities accompany the 
carbonic acid. Ten per cent, of carbonic acid 
in the inspired air will speedily produce death 
in mammals. However slightly impure air 
may be, if breathed continuously, a multitude of 
impurities must be taken into the system. 
From impure air arise all kinds of diseases of the 
respiratory organs, such as sore throat, cold in 
the head and chest, loss of voice, coughs, and 
consumption. 

Ventilation becomes urgent in proportion to 
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the increased number of persons occupying a 
given space, and the amount of oil, gas, or coal 
consumed either for lighting or heating purposes. 
One gas burner will generally consume as much 
oxygen in a given time as five persons will. 
The air is rapidly deprived of its oxygen, while 
at the same time carbonic acid rapidly accumulates. 
To secure perfect ventilation, the fresh air 
must be pure and should pass constantly into 
the room ; it must not be too cold, nor 
must it produce a draught, and should be dis- 
tributed equally to all parts of the room. If the 
air in a room is changed three times in the 
hour each occupant requires one thousand cubic 
feet of air space ; if changed four times, seven 
hundred and fifty cubip feet of air space will 
be required by each individual. In temperate 
climates the air of rooms cannot be changed 
more than four times in an hour without a 
draught being perceptible. In a schoolroom 
each child should have at least 250 cubic feet 
of air space, and 1,000 cubic feet in a 
room in which physical exercises are per- 
formed, as there is more need for air during 
exorcise than during rest. It should be distinctly 
borne in mind that children need quite as 
much air as adults. For ordinary purposes the 
temperature of a room should be kept as near 
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as possible at the mean temperature of the 
climate. The temperature most conducive to 
health and most agreeable for work is about 
60° Fah. 

In the heating of schoolrooms precautions 
should be taken against rendering the air too 
dry — a condition which is hurtful in causing 
too rapid evaporation, not only from the air 
passages but from the whole surface of the 
body. To obviate this, a vessel containing water 
may be placed on a stove, or before a fire, so 
that the vapour thus generated will tend to 
moisten the air in the room. In breathing very 
dry air, the skin and also the lining membrane 
of the air-cells are injured ; while very moist 
air impedes exhalation from, and stimulates 
absorption by, the lungs. Warm moist air 
diminishes evaporation from the skin ; but 
moderately warm, dry air is not injurious when 
breathed. 

Open fire - places are preferable for heating 
purposes to hot-air furnaces or air-tight stoves. 
The warmth from an open fire-grate passes through 
the air of a room without overheating it, and 
persons and objects are warmed by the direct rays 
of the fire rather than through the heating of the 
atmosphere ; consequently the air breathed is cool, 
and the occupants are healthily warmed. 
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Where an open grate is used, whether a fire 
be lighted or not, the various organic substances 
floating in the atmosphere of a room may 
pass off by the chimney. This is impossible 
when a closed stove is used for heating 
purposes, for then the impurities are scorched 
by coming into contact with its heated surface 
and are then redistributed in the air, giving 
rise to the peculiar smell often detected in 
rooms thus heated. This odour is generally the 
direct cause of the heaviness, inertness, and 
pallor noticed in persons who constantly live in 
an atmosphere so vitiated. 

Human exhalations contain a large amount 
of organic matter given oflf by the lungs and 
skin. The offensive odour peculiar to a crowded 
room is caused by this organic matter, which 
is worthy of as much consideration as the 
carbonic acid. It plays an important part in 
jendering the air of a room impure, and it 
probably constitutes the difference between air 
poisoned by respiration and air which is merely 
deficient in oxygen or overcharged with carbonic 
acid. A person's breath is often charged with 
contagious particles which, when they reach a 
certain degree of concentration, can be detected 
by the smell, and are perceptible for a con- 
siderable time in spite of open windows and 
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efficient ventilation. The condensed vapour of the 
breath, visible on the window-panes of crowded 
rooms, contains a large quantity of organic matter. 
This may be proved by placing a small quantity 
on a red-hot stove, when it will emit a peculiar 
smell like burnt horn. 

RESPIRATORY MOVEMENTS. 

The lungs may be exercised indirectly by any 
kind of muscular exertion that will induce deep 
and rapid breathing; and directly by the 
employment of the voice in speaking, singing, 
shouting during play, or counting numbers when 
at drill. These are beneficial exercises, as they 
call into play all the organs concerned in 
respiration. This will ensure abdominal and 
natural breathing, which means that during 
inhalation the abdomen is forced outwards by 
the descent of the diaphragm, the lower part 
of the lungs being filled first; while during 
exhalation the abdomen is compressed, forced 
inwards, and upwards. 

It is perfectly natural that during forced 
expirations the upper ribs should be raised and 
moved outwards, because the sudden and violent 
ascent of the diaphragm causes the air to be 
forced towards the upper parts of the lungs 
faster than it can find an exit by the trachea 
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or wind-pipe. On the completion of the 
exhalation the ribs will again recede when 
making the deeper expirations. 

In a physiological sense the mobility of a 
person's ribs is of more importance than actual 
chest development. 

Inspiration favours the return of the venous 
blood to the heart. It also assists the circula- 
tion of the blood in the pulmonary arteries, 
the expansion of the lungs accelerating the 
ingress of impure blood into those minute 
vessels for arterialization, and permitting the 
purified blood to flow readily through the pul- 
monary veins back to the heart for redistribu- 
tion throughout the body. 

Whilst the entrance both of the air and of 
the venous blood into the chest takes place 
during inspiration, so in like manner is the air 
expelled and an impulse given to the systemic 
circulation during expiration. The collapse of 
the lungs and the subsidence of the walls of 
the chest and abdomen, which take place during 
expiration, aid by their pressure the transmission 

* 

of the arterial blood from the lungs into the 
heart, and also assist in propelling the blood 
along the large arteries, at the same time 
impeding the current of blood coming from the 
right ventricle into the pulmonary artery. 
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Prom this it is evident that forced expirations 
should never take place slowly. 

Inspiration may, therefore, be considered as 
accessory to the venous, and expiration to the 
arterial circulation, the one aiding the heart 
like a suction, and the other like a force 
pump. 

Deep breathing not only expands and 
strengthens the respiratory organs, but regulates 
the circulation. It purifies the blood by 
freeing it from carbonic acid and other noxious 
matters, it lowers its temperature, and it sup- 
plies the indispensable oxygen, thereby increasing 
oxidation throughout the body. At the same 
time it increases the nutrition of the lungs, 
obviates liability to consumption, or prevents 
its development in its earliest stages. 

Nearly all slow movements, particularly those of 
the arms, can be made more effective — if the chest 
is not in a constrained position — by the intro- 
duction of deep breathing in unison with the 
movements. Forcible respiration is beneficial in 
expanding the chest and strengthening the 
muscles which take part in the process. The 
volume of the chest is determined by the size 
of the lungs. If we wish to increase its 
girth we must inflate all the air-cells in the 
lungs rather than endeavour to raise the ribs. 
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The pure air reaches the air-cells in the most 
remote parts of the lungs, fills them, and thus 
increases the volume of the lungs. Forcible 
respiration, frequently and regularly repeated, 
intensifies the inflation of the air-cells, and 
allows the hitherto closed and inactive cells to 
give entrance to the increased amount of air 
taken into the lungs. These air-cells associate 
themselves regularly with the ordinary respira- 
tory work, and they readily perform their 
proper functions. More blood is thus supplied 
to the lungs on account of the increased 
capillary area, and their nutrition becomes more 
active; consequently greater oxygenation of the 
blood and increased bulk of the lungs result. 
The lungs, thus increased in volume, press 
against the chest walls in order to make room 
for themselves ; and although the intercostal 
muscles raise the ribs in inspiration, and so 
favour the inflation of the air-cells, yet the 
lungs, by their increased bulk, greatly assist in 
the raising of the ribs, and give that vaulted 
appearance to the chest owing to its increased 
circumference. 

Air is as essential to the lungs as food is to 
the stomach. Its importance may be estimated 
firom the fact that a healthy adult requires 
upwards of sixty gallons per hour. In 
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inspiration, the air should reach the lungs 
through the media of the nostrils, as they 
temper, filter, and moisten the air before it 
passes to the lungs. The evil efiFects of taking 
into the lungs through the mouth air highly 
charged with particles of dust must be apparent 
to every one. 

Vegetable and mineral poisonous matters and 
sometimes germs of epidermic diseases are found 
in the air, and will be readily introduced 
through the mouth into the lungs. Neglect of 
the precaution to admit air to the lungs by 
way of the nostrils may result in injury to the 
respiratory organs. Air breathed through the 
mouth is often the cause of toothache, and to the 
same source may often be traced such ailments 
as bronchicis and asthma. The ?io«e, therefore, 
is the natural avenue to the lungs. It is pro- 
vided with cavities which allow the air to be 
warmed before reaching the lungs; the secretions 
contained in these cavities absorb the impurities 
that may be present in the air respired ; whilst 
the minute hairs which line the nostrils act as 
a natural respirator, excluding not only dust, 
but any bacillic germs which may be floating 
in the atmosphere, and which, if admitted into 
the remote air-cells of the lungs, might be 
injurious to the system. 



50 

It is, therefore, of the utmost importance 
that any person who engages in muscular 
exercises to any great extent should acquire a 
correct habit of breathing, so that the air 
inhaled may act throughout the whole of the 
lung capacity, and thus nourish the blood and 
remove its impurities. When the breathing 
capacity is increased the general health is 
improved. 

It may not be generally known that, when 
e:]j:posed to severe cold, a person may experience 
a feeling of warmth by repeatedly filling the 
lungs to their utmost capacity in the following 
manner: — Throw the shoulders well back and hold 
the head erect; inflate the lungs slowly, the air 
entering entirely through the nose. When the 
lungs are completely filled, hold the breath for 
ten seconds, or longer, and then expel it quickly 
through the mouth. After repeating the exercise 
while one is chilly, a feeling of warmth will 
be experienced over the entire body, even in 
the feet and hands. 

HEART, BLOOD, CIRCULATION, PULSE. 

The heart is a hollow, muscular organ 
situated in the middle of the thorax in the 
interval between the pleurae of the lungs ; it 
lies behind the lower two-thirds of the sternum 
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and the cartilages of the fifth and sixth true 
ribs, and rests on the diaphragm. 

It is a double organ, divided longitudinally 
by a muscular partition called the septum,' In 
the upper portion of each half is a cavity called 
an auricle, and in the lower portion of each 
half is a cavity known as a ventricle. Each 
auricle communicates by a valve with the 
ventricle below it, but no communication exists 
between the auricles or ventricles except through 
the media of the lungs. The muscular walls 
of the ventricles are of greater thickness than 
those of the auricles, while the left ventricle, 
having to propel the blood into the arteries, has 
exceedingly thick and strong muscular walls. 

The average weight of the heart is from ten 
to twelve ounces in the male, and from eight 
to ten ouDces in the female. . In the male it 
is about four and three-quarter inches in length, 
three and a half inches in width, and two and 
a half inches in thickness. In the female these 
dimensions are somewhat smaller. 

The heart is the agent in the propulsion pf 
the blood through the body; and into it, as 
the centre of the vascular system, veins enter, 
and from it arteries issue. Into the right 
auricle enter the two great trunk veins called 

the superior and inferior vena cava, and into 

4—2 . 
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the left auricle enter the four pulmonary veins, 
bringing the purified blood from the lungs. 
From the right ventricle springs the pulmonary 
artery which, dividing into two branches, conveys 
the impure blood to the lungs ; and from the 
left ventricle issues the aorta which is the great 
systemic- vessel conveying the blood to the 
arteries. The arteries carry the blood to all 
parts of the body, and the veins complete the 
circulation by returning the blood to the heart. 
The capillaries are the minute blood vessels 
connecting the arteries and veins. All the blood 
in the body makes the entire round of the 
circulation in about twenty-three seconds. The 
quantity of blood ejected from the heart of a 
healthy adult at each pulsation is estimated ' at 
from four to five ounces. The amount of blood 
in the body of an adult is variously estimated at 
from sixteen to twenty pounds. 

Every large vessel of the heart, except the 
superior vena cava, is furnished with a valve. 
The use of these valves is to allow free passage 
to the blood in one direction, and to prevent 
its return by closing the mouth of the vessel. 
While the blood is entering the vessels the 
valves are flattened against the walls; but when 
the elasticity of the vessels acts on the con- 
tained blood the valves are forced towards the 
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centre of the cavity, and aiTest the flow of the 
blood in the contrary direction* Valves are also 
found in the superficial veins throughout the body, 
and act in a similar manner. 

In the heart's action the auricles contract 
simultaneously, the ventricles acting in the same 
manner subsequently. 

The blood is the great medium of exchange 
between all parts of the body. It consists of 
a fluid containing innumerable microscopic solid 
particles called corpuscles. These small bodies, 
when charged with oxygen taken up from the air 
contained in the air-cells of the lungs, cause 
the blood to assume a bright red colour. During 
its course through the capillaries various changes 
take place in it. Every organ of the body is 
made up of a number of minute cells varying 
in shape and size, and as the blood circulates, 
each of these cells takes up oxygen from the 
corpuscles, and other substances from the blood 
necessary for its nourishment, and gets rid 
of its carbonic acid. As the cells take up oxygen 
from the blood, the corpuscles lose their bright 
red hue and become blue in colour owing to the 
presence of carbonic acid. The nutritive elements 
contained in the blood are absorbed by 
the tissue cells according to the requirements 
of each organ. To maintain the body in a 
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healthy condition each cell should possess a 
reserve quantity of nutriment, so that when any 
particular organ is called into vigorous action 
this reserve may be employed to meet the 
immediate demands created by the extra work. 

On the contraction of the right auricle the 
blood is forced through the right (tricuspvl) 
valve into the right ventricle ; from thence by 
a similar contraction it is driven into the pul- 
monary artery and taken to the lungs. Here 
it comes in contact with the oxygen of the 
inspired air, and becomes purified, ready for 
redistribution throughout the body. The blood 
now returns by the four pulmonary veins into 
the left auricle, whose contraction propels it 
through the left {bicuttpid or mitral) valve into 
the left ventricle, whence it enters the aorta to 
be conveyed throughout the system. 

The pulse is caused by the shock given to 
the blood by the overfilling of the aorta during 
the contraction of the left ventricle, and the 
distention and subsequent recoil of the arteries. 
It travels at the rate of from fifteen to thirty 
feet per second along the arteries, and is not 
felt in the capillaries and veins. Wherever there 
is an artery (containing arterial blood) a pulsa- 
tion is felt. The pulse rate averages seventy-five 
times a minute, and is felt almost simultaneously 
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in all parts of the body. In normal health it 
is about seventy in the adult male and eighty 
in the female. In the newly-born infant' it 
ranges from one hundred and thirty to one 
hundred and forty a minute ; it diminishes to 
one hundred at three years of age, to ninety 
at ten years, and reaches the average at twenty- 
one years. 

Posture influences the rate of pulsation, inde- 
pendently for the most part of muscular effort. 
In adults when standing the average is eighty- 
one, when sitting seventy-one, and when reclining 
sixty-six per minute. 

The increased rate of pulsation is caused by 
the aspiration of the blood towards the muscles 
undergoing work. When in activity, all organs 
of the body draw towards them a greater 
quantity of blood than they do when in a 
state of rest. The blood is constantly flowing 
in the arteries, irrespective of pulse, at the rate 
of about sixteen inches per second. 

Mechanical contraction accelerates the blood 
flow and pressure in the muscles during their 
movements. 

SKIN AND ITS FUNCTIONS. 

The skin forms a protecting covering over the 
whole of the body and consists of two layers 
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the outer, or epidermis, and the inner, or dermis. 
The epidermis is a thin, semi-transparent, 
insensible membrane, scaly, furrowed externally, and 
smooth internally. It covers the whole surface 
of the body, except under the nails, and is 
reflected inwardly to line the different passages. 
The surface of the epidermis presents a multitude 
of minute openings. These are the mouths of 
the ducts of little glands which secrete the 
perspiration. The epidermis contains neither 
blood-vessels nor nerves, its offices being to 
protect the deeper layer of the skin, to defend 
the body from noxious substances, and to con- 
stitute the medium of the sense of touch. 

The dermis 'is composed of closely interwoven 
fibres running in different directions. Its upper 
surface is firm and dense, and its lower 
degenerates into cellular substance. It has 
innumerable perforations for the passage of the 
various ducts and the hairs. It is copiously 
supplied with blood-vessels and nervous filaments, 
so that it cannot receive the slightest puncture 
without occasioning bleeding and pain. Like 
the epidermis it is thickest in the palms of the 
hands and the soles of the feet, while it is 
thinnest in the eyelids and lips, where the 
sense of touch is most acute. It is thicker on 
the back of the body than in front, and on the outer 



than on the inner side of the limbs ; while over the 
flexures of the joints it is unusually thick. 

The functions of ihe skin are as important 
as those of any other organ, and their perfect 
performance is most essential to ensure a healthy 
body. They cannot be properly performed un- 
less the skin is kept thoroughly clean ; there- 
fore, cleanlinefts is indispensable in securing 
and maintaining health. Perspiration by exercise 
is the natural and only means of accom- 
plishing that end, providing the body is well 
rubbed immediately afterwards, or thoroughly 
washed. There can be no proper cleansing of 
the skin without copious perspiration, and this 
is a powerful argument in favour of vigorous 
exercise. 

The most important purposes of the skin are 
to act (1) as an organ, of excretion, whereby 
effete matter is expelled from the tissues in 
the form of perspiration ; (2) as a joint regulator 
of the heat of the body, by carrying off 
superfluous animal heat, and rendering the 
temperature almost uniform, irrespective of 
climate ; (3) as the seat of touch, by which we 
are enabled to judge the qualities of bodies, 
such as hardness, softness, roughness, smoothness, 
size, shape, weight, and temperature. 

Deep in the skin, and coiled up beneath the 
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dermis, are innumerable tubes, each of which, 
if uncoiled, would measure about a quarter of 
an inch in length. All parts of the body are 
provided with these tubes, which are known as 
the ttwent-glarnh. Their number varies consider- 
ably in different localities. In the back ai^d 
neck they are least numerous, and rarely exceed 
four hundred to the square inch ; but in the 
palms of the hands and the soles of the feefc 
there are from three thousand to three thousand 
five hundred to the square inch. It is estimated 
that there are between two and three millions 
of these tubes in the whole of the skin. The 
ends of the tubes open on the surface of the 
skin and form the porett. The blood, circulating 
in the minute capillaries of the dermis, gives 
up its waste matter to these glands, which 
convey it to the surface, where it is given off 
as perspiration, containing ninety-nine per cent, 
of water with other matters in solution. The 
excretion of perspiration is continuous, but 
exceedingly variable. It may be visible on the 
surface of the skin in the form of water, and is 
then known as ^•«?^^•^^/« perspiration ; or it may 
pass off invisibly, being then termed inaentfible 
perspiration. The average daily quantity excreted 
by a healthy adult is estimated to be about two 
pounds. A high temperature of the atmosphere. 
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bodily exercise, exhilarating emotions, good general 
health, sudden fear, and nervous debility will render 
perspiration more copioua A healthy skin is always 
perspiring and therefore always moist, showing 
that it is exercising its chief function. During 
exertion the sweat-glands act more energetically 
than they do when the body is at rest. When 
the surface of the body is chilled by cold, or 
during prolonged inactivity, the skin contracts. 
The circulation then becomes impeded, sensation 
is blunted (severe wounds may be sometimes 
unconsciously received), the fibres contract, the 
air-tubes project and cause what is known as 
(jooae-iilcin, and perspiration is checked whereby 
effete matter, which should have been expelled 
through the skin, is expelled by the extra work 
which is consequently thrown on the other 
excretory organs. When the surface of the body 
is warmed, the circulation in the skin and 
adjacent tissues is active, touch is most acute 
because the nerves receive an abundance ot 
stimulating blood, and perspiration takes place 
freely. 

STOMACH AND DIGESTION. 

The abdominal cavity is the space enclosed 
by the spinal column behind, the diaphragm 
above^ the structures that close the outlet ot 
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the pelvis below, and the powerful muscles, 
extending from the ribs to the pelvis, which 
protect the front and sides. This space is the 
largest in the body, its vertical measurement 
being greater than its transverse. Its dimensions 
can be influenced by the varying conditions of 
its boundaries. This cavity contains the 
stomach, intestines, liver, pancreas, &c. 

The alimentary canal varies in its form and parti- 
cular functions in different localities, and consists 
of the gullet, stomach, small intestine, and the 
large intestine. 

The istomach is an expansion of that part of 
the alimentary tube lying between the gullet 
and the small iniesiine. It is somewhat conical 
in form, its larger end lying to the left side. 
It is situated immediately below the diaphragm, 
to which it is attached by means of the 
gullet, and lies above the arch of the large 
intestine to the left side of the abdomen. In 
the adult it is about twelve inches long and 
four inches wide, and has two openings, that 
on the left communicating with the gullet, that 
on the right opening into the duodenum or 
the first part of the small intestine. It receives 
the masticated food, and it is here and in the 
small intestine that the act of assimilation 
chiefly takes place. When the stomach is 
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empty it is flattened, but when distended it 
becomes somewhat circular. The continuation of 
the small intestine from the duodenurti is about 
twenty feet in length and consists of two parts, 
but no difference is perceptible between the 
termination of the one and the commencement 
of the other. It consists of a strong coiled 
tube formed of four layers as in the case of 
the stomach. Into this tube the food passes 
on leaving the stomach, and here it undergoes 
important changes. 

The large intestine lies to the front of the 
body and forms an arch. It is that part of 
the alimentary canal which extends from the 
termination of the small intestine to the 
surface of the body. It is about six feet in 
length, but of greater capacity than the small 
intestine being as wide again in some parts, 
while it occupies a more fixed position. It 
begins in the vicinity of the right groin, 
passes upwards, arches from right to left under 
the liver and stomach, and finally descends on 
the left side, passing through the pelvis to 
open on the surface of the body. 

The large intestine plays but a very small 
part in the process of digestion, its principal 
office being to receive the indigestible portion 
of the food. 
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The alimentary tube is provided with mus- 
cular walls which, by their peristaltic con- 
tractions, propel the food onwards in its digestive 
course. 

The liver is the largest gland in the body. 
It is situated on the right side of the abdomen 
just below the diaphragm. In colour it is 
dusky-red, and weighs from 50 to 60 ounces in 
the adult. It is from ten to twelve inches 
long transversely, and from six to seven inches 
from front to back. At its right end it is about 
three inches in thickness, but this is not 
uniform throughout. It is somewhat square in 
form, its upper surface being convex and in 
close contact with the diaphragm, while its 
under surface is concave and receives the 
convexity of the stomach and intestines. The 
substance of the liver consists of a collection 
of small bodies called lobes which are sub- 
divided into lobules. It is abundantly supplied 
with blood-vessels, and is capable of containing 
about one-fourth of the whole blood in the 
body. The liver secretes the bile in quantity 
varying from thirty to forty ounces daily. The 
bile is stored up in the galUbladder, which lies 
on the under surface of the liver. As the 
liver is attached to the diaphragm it partakes 
of the movement of that organ, descending 
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during inspiration, and regaining its former 
level during expiration. 

The pancreas is a narrow flattened gland, 
measuring from six to eight inches in length, 
about one inch and a half in breadth, and 
from half an inch to an inch in thickness. It is 
situated behind the stomach, and extends across 
the spine to the duodenum, the large or duct 
end lying in the curve formed by the latter. 
Its duct enters the duodenum in company with 
the common duct from the liver. 

All the organs contained in the abdomen are 
invested by a smooth delicate membrane called 
the peritoneum, which passes in folds between 
and from one viacus to another, attaching them 
to the abdominal wall. It serves as a support 
to the viscera, yet readily admits of the change 
of position caused by respiration and exercise. 

Before food can be assimilated by the blood 
it undergoes important changes in the aliment- 
ary canal. It is first acted upon mechanically 
in the mouth by the teeth, and afterwards 
chemically by the saliva, the gastric juice in 
stomach, and in the small intestine by the 
bile and the pancreatic and intestinal juices. The 
gastric juice converts the nitrogenous portions of 
the food into chyme, which is absorbed by the 
blood-vessels of the stomach. The remaining; 
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portions of the food are changed by the bile 
and pancreatic juice into a milky fluid termed 
chyhy which is absorbed by the lacteals of the 
small intestine, carried by them to the thoracic 
duct, and poured into the blood by way of 
the left sub-clavian vein which enters the superior 
vena cava. 

FOOD AND CLOTHING. 

Food is required by the body for three 
purposes, viz. : to generate heat, to produce force, 
and to encourage growth, thereby preventing 
deterioration. Anything, liquid or solid, which 
contributes to the nourishment of the body may 
be considered as food. 

By means of food all our actions are performed. 
It should be taken at regular intervals, and be 
sufficient in quantity and proper in quality. 
With regard to quantity, a pound and a-half to 
two pounds of liquid and solid food are required 
for the daily wants of the ordinary adult, and 
of this quantity about one-fifth should be 
nitrogenous. 

Experience teaches us that three meals a day 
are good for our civilized condition. An interval 
of about five hours should elapse between any 
two meals, so that the stomach may obtain a 
period of rest, and that the system may assimi- 
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late the nutriment from the last meal before 
additional food is taken. 

Dr. Combe says : " When persons are engaged 
in laborious occupations, which induce a rapid 
expenditure of material, or when growth is going 
on so fast as to necessitate unusually ample 
supplies, food should be taken both more 
frequently and in larger quantities than when 
the mode of life is sedentary and unvaried, and 
growth is no longer going on. The interval 
between meals should be in proportion to the 
quantity consumed. A healthy child requires 
frequent supplies to furnish the materials of 
growth, and to repair the daily waste, which is 
more active in early life than after maturity. 

"If a person has been engaged in severe and 

fatiguing bodily exertion just before taking a 

hearty meal, digestion is impaired in two ways. 

The stomach itself participates in the general 

weakness caused by the bodily &tigue ; and, in 

the next place, the blood which was flowing 

copiously through the vessels of the muscles, to 

maintain their unusual action, still continues to do 

so, because sufficient interval has not elapsed to 

allow the excitement to subside, and a new 

distribution to take place towards the organs 

concerned in digestion. Consequently, the stomach 

does not receive sufficient blood with which to 

5 
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carry on its increased action. Food, therefore, 
should not be taken immediately after severe 
mental or physical exertion, nor should active 
exercise immediately follow a hearty meal. 

"Among the wealthier classes, imperfect nutri- 
tion most generally arises from excess in quantity, 
or a too stimulating quality of food ; but among 
the lower classes, from deficiency in quantity or 
quality, added to scantiness of clothing, want of 
cleanliness, and imperfect ventilation. 

" Children who are prone to bodily exercise, 
and who live almost entirely in the open air, 
as many of those of the poorer classes do, 
require a larger proportion of food than those 
of the better classes. Not only is their diges- 
tion more vigorous, but the waste going on in 
the system is much greater, and the nutritive 
functions are more active — the need for nourish- 
ing food being proportionately increased. Hence 
it happens that, in the wealthier classes of 
society, young children suffer most from over- 
feeding; while among the poorer classes they 
suffer chiefly from the opposite cause, viz. : 
deficient nutrition. In both, defective nutrition 
is the result ; but the mode in which it is 
brought about is very different in the two 
cases/* 

In order that exercise may not prove injurious 
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to the system, and that the brain should not 
suflFer from mental activity, it is necessary that 
the body should be well fed. The brain, actively 
at work, entails a greater waste of tissue than 
is incurred by bodily activity, and demands an 
ample supply of food for its recuperation, besides 
periods of repose, otherwise it will suflFer and 
deteriorate. 

Such forms of exercise as cricket, football, &c., 
which involve a large amount of physical exer- 
cise, endurance, and expenditure of strength, can 
only be sustained by liberal supplies of nourish- 
ing food. If the quality and quantity of food 
in such cases are not suflSciently restorative, the 
materials of the body suflFer, and persons taking 
part in these games exhibit every symptom of 
nervous exhau stion. 

Assimilation of food is greatly accelerated by 
a liberal supply of oxygen to the system, and 
this increased assimilation leads to a gain in 
development and weight of body. To ensure 
perfect oxidation, the muscles must be bathed 
in liquid. Water absorbed by the system in- 
creases oxidation better than any other fluid. 
It is dangerous to drink large quantities of cold 
water immediately after violent exertion, before 
the body has had time to cool; but no danger 

is incurred when water is taken in small 

5—2 
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quantities during the continuance of exercise. 

The uses of clothing are to afford protection 
to the body from the extremes of temperature, 
and to assist in retaining the animal heat, thus 
preventing its too rapid radiation. All other 
uses will be found to resolve themselves into 
one or other of these. 

As a protection against cold, woollen garments 
are much superior to either linen or cotton, 
unless the latter be manufactured into a cellular 
material Flannel is highly beneficial, as it 
absorbs the increased amount of perspiration 
resulting from vigorous exercise, and minimises 
the liability to chills, rheumatism, &c. It is 
important to observe the necessity of assuming 
warm clothing immediately after any exercise 
which induces copious perspiration. If the 
clothing, be damp from perspiration it must be 
removed, and the body rubbed dry previous to 
a change of clothmg. 

Waterproof clothing should be reserved for 
very wet weather, and is most suitable for 
persons who are not taking active exercise when 
exposed to it. The greater value of several 
layers of clothing, as compared with a single 
garment, should be borne in mind. An extra 
layer, even of very thin material, next to the 
skin, is often very valuable as a protection 



69 

against cold. A garment should not fit closely 
to the body, but should be moderately loose, 
so that a layer of air is iuterposed between it 
and the skin. A loosely woven material is 
warmer than one of an opposite texture. It 
must always be remembered that the source of 
animal heat is in the body itself, and not in 
the clothes. Proper food, coupled with a due 
amount of exercise, will produce heat, which will 
be retained by the use of suitable clothing. 
The best type of clothing is that which will 
retain sufficient bodily heat to induce the 
sensation of comfort, without causing fatigue by 
excessive weight. 

Children's clothing should be so loose as to 
permit perfect fi'eedom of movement in every 
limb and part of the body. Tight clothing 
should never be worn round the chest, abdomen, 
or arm-pits; and the use of garters, corsets, and 
high -heeled or narrow -toed boots should be 
avoided. Absolute freedom is strictly essential 
for the encouragement of growth; and the 
deepest inspirations should be possible without 
producing any restraint, either across the chest 
or waist. The slightest pressure is sufficient to 
check the flow of blood in the veins. The 
arteries are not so easily afiected, owing to the 
stronger structure of their walls. 
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ANIMAL HEAT. 

One of the most important functions of the 
body is the production of animal heat for the 
maintenance of the normal temperature, without 
which life would be impossible. 

Heat is chiefly produced in the body by the 
chemical union of the carbon of the food with the 
oxygen of the air introduced into the lungs. The 
union of these elements takes place in the 
lungs during respiration. Combustion ensues, 
producing heat and carbonic acid, the former 
being absorbed by the arterial blood and con- 
veyed to all parts • of the body, while the latter 
is expelled from the lungs in the expired air. 

Our normal temperature is 98*4^ Fah., or 
from 36® to 37® Cent, (one degree Centigrade 
being approximately equal to I4® Fah.) and is 
irrespective of the external heat. A person's 
temperature taken at the surface of the body 
is not always of the same degree, as it varies at 
different seasons, different hours, and under 
different conditions. Thus glands produce more 
heat during the process of secretion ; muscles 
by contraction evolve heat; and even mental 
exertion or excitement will cause the temper- 
ature of the whole bo^y to rise to the extent 
of -4® Cent. 
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The actual temperature of the body as 
measured by a thermometer is but very slightly 
increased during exercise, owing to the cooling 
influence of the constant evaporation from the 
lungs and skin. It has been ascertained that, 
during muscular exertion, the temperature of 
the body is seldom raised more than 2° Fah. 
above its temperature when at rest. 

The friction produced by the blood circulating 
in the tissues increases the temperature in 
those regions where the blood flow is most rapid. 
This increased temperature is transmitted with 
the blood, and when it reaches the blood-vessels 
in the skin, it causes them to dilate and so 
increase their capacity. 

Radiation causes the blood to cool rapidly as 
it passes through the skin ; but this is moment- 
ary, as the blood immediately hurries on 
into the inner parts of the body. Cold causes 
the minute blqod-vessels in the skin to contract, 
consequently more blood is retained in the 
internal viscera than is the case under normal 
conditions, and an uniform temperature of those 
parts is maintained. 

The highest temperature of the body is found 
in the arm-pits, and averages between 36° and 
40° Cent. ; in the bend of the knee the temper- 
ature is 35® Cent. ; and over the region of the 
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heart it is between 34° and 40° (^ent. The warm- 
est blood in the body is that coursing through 
the hepatic vein which conveys the blood from 
the liver, having an average temperature of 
39" Cent. The lowest temperature is found at the 
extremity of the nose and at the tips of the ears, 
where there is a mean temperature between 22° 
and 24° Cent. 

The skin on the left side of the face is 
said to be warmer than that on the right, but 
this peculiarity is not observable throughout the 
two sides of the body. 

FATIGUE AND BREATHLESSNESS. 

Immoderate use of bodily exercise produces 
a state of discomfort termed Jatiifue, When 
this state is reached we are warned that it is 
time to desist, that we have passed the bounds 
of moderation, and that if the work is further 
continued the health and perhaps life itself 
may be endangered 

Although fatigue depends upon the force, 
frequency, and duration of the contraction of 
muscular fibre, yet the brain seems to be the 
seat of the sensation by which fatigue is in- 
duced ; and the closer is the association of 
the brain with the muscular actions, the sooner 
will the state of fatigue be reached. Those 
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actions which are performed involuntarily and 
unconsciously produce little or no fatigue, and 
if any at all, it is certainly much more slowly 
brought about than is the case when exercises 
requiring mental concentration are performed. 
Therefore movements or exercises to be con- 
tinued for any length of time must be chiefly 
involuntary, and must not require too sustained 
attention during their execution, in order that 
the sense of fatigue may not be too quickly 
induced. A large amount of work, if well 
distributed over the body, causes much less 
fatigue and is attended with less discomfort 
than will be produced by a far smaller amount 
performed by only a few groups of muscles. 

Fatigue is due to the formation of an ex- 
cessive amount ot carbonic acid in the blood, 
causing a profound disturbance of the electrical 
condition of the nerves. Rest is necessary in 
order to allow the electrical stimulus to be 
restored beforfe work can again be resumed. 

All exercise is performed at the expense of 
bodily tissue, but if it is continued too 
long the tissues degenerate and become unable 
to do their appointed work. 

Breathlessness is a state of distress generally 
resulting from immoderate exercise or too in- 
tensified bodily movements, and is caused by 
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the excess of carbonic acid in the blood. 
Exercises requiring prolonged effort speedily pro- 
duce breathlessness. In some instances breath- 
lessness may precede fatigue, in others it may 
follow. Running and jumping rapidly produce 
breathlessness. These actions are performed 
chiefly by the muscles of the legs ; and as 
the chest muscles have no connection with 
those of the lower limbs, such movements 
cannot have any direct muscular connection 
with the thoracic cavity in causing breathless- 
ness. The employment of a large number of 
muscles, as in the case of the legs, produces 
a larger amount of carbonic acid than can be 
expelled by the lungs in ordinary respiration ; 
therefore breathlessness will precede fatigue, as 
the muscles themselves have not lost their 
vigour. 

The muscles of the upper limbs are rela- 
tively feeble compared with those of the 
lower limbs. In the performance of exercises 
by the upper limbs the muscles do relatively 
a smaller amount of work than the legs would 
perform in the same time, and fatigue will 
ensue before the lungs have become surcharged 
with carbonic acid ; in this case fatigue will 
precede breathlessness. Thus we see that the 
employment of large groups of muscles equal- 
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ises the work, so that a very large amount 
will be accomplished before fatigue is expe- 
rienced, although breathlessness has been induced. 
On the other hand if exercises are confined 
to the action of a small group of muscles, 
fatigue will be speedily brought about, but 
breathlessness will be delayed. 

Another cause of breathlessness is effort, 
which produces a momentary stoppage of the 
respiratory movements, and thus impedes the 
elimination of carbonic acid by the lungs. 

During excessive breathlessness a person 
undergoes marked changes of colour. Soon 
after the commencement of an exercise he 
feels warmer, as the circulation of the blood is 
increased, and the face becomes flushed. With 
the continuance of the exercise further changes 
are brought about ; the flushed appearance is 
gradually succeeded by a general paleness of 
the cheeks, while the lips assume a purple 
hue. The paleness is due to an insuSicient 
supply of blood to the capillaries ; while the 
purple hue is the result of the darkening of 
the blood by the presence of an excess of 
carbonic acid, and is readily observable through 
the delicate skin of the lips. These opposite 
tints gradually merge into each other and 
produce a mottled appearance, which ultimately 
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give rise to a ghastly hue spreading over the 
whole face. This is attributable to temporary 
bloodlessness which is caused by a diminution 
in the heart's energy. The heart, having lost 
energy in proportion to the intensity of the 
breathlessness, cannot send a suflBciency of blood 
to the capillaries — hence the bloodless appear- 
ance in those parts. If continued further, 
breathlessness will finally produce a dull leaden 
hue, which is the forerunner of anphyxw. 

By long practice a person is capable instinc- 
tively of regulating, by his respiratory power, 
the amount of energy necessary for the perform- 
ance of prolonged exercise. The amount of 
carbonic acid produced by the muscles during 
action will not then be in excess of that 
eliminated by the lungs. Thus, he adopts an 
even rate of movement in running, walking, &c., 
so that he may not rapidly reach the state of 
breathlessness. Any exercise forcibly executed 
and persisted in for a considerable period, not 
only causes the accumulation of an excessive 
amount of carbonic acid in the blood, but 
eventually leads to partial respiration, or yasping. 
The heart, being a muscular organ, and under 
the control of nerve influence, shares in the 
general enfeeblement of the system, its contrac- 
tions will become more irregular and less power- 
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fill at the slightest eflFort, while the lungs 
become congested, and breathlessness ensues. 

If a person has been subjected to excessive 
work, producing violent breathing, the air-cells 
of the lungs are over distended, and may even 
be ruptured ; consequently they cannot perform 
their proper functions, and the work of respira- 
tion is carried on over a limited area, and 
breathlessness is the result. 

Prolonged and excessive fatigue, whether mus- 
cular or nervous, may be defined as ovenvork. 
The effects of overwork may be either general 
or local Its general effects may be seen in the 
complete prostration of the physical and mental 
powers ; on the other hand, its local effects are 
manifested in the loss of both muscular and 
nervous power in some particular region of the 
body only. The indications that exercise is 
proceeding at such a rate, and to such an 
extent, as to produce muscular and nervous 
exhaustion, may be classed under two heads : 
(1) external or visible; (2) internal or subjective. 
Among the external signs may be mentioned 
general depression manifested in careless and 
slovenly movement, paleness of visage, shortness 
of breath, want of animation, lack of energy 
and promptness, and a general state of listless- 
ness. The internal indications are headache,. 
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giddiness, drowsiness, loss of appetite, general 
debility, and loss of tone. The appearance of 
any of these symptoms should be a sufficient 
warning to desist from further exertion. 

It is a most difficult matter to estimate over« 
work. In some persons the symptoms appear 
long before they do in others ; the amount of 
work which an individual is capable of perform- 
ing being dependent upon the constitution, 
disposition, and the amount of muscular and 
nervous energy possessed. There is seldom any 
danger to be feared from occasional overwork, 
even if the heart's pulsations reach as high as 
120 per minute, unless they are irregular. On 
the first indication of any irregularity of pulsa- 
tion the work must cease, otherwise there is a 
risk of establishing palpitation. 

REPOSE. 

If physical exercises are performed, causing 
too great a call upon the strength of the lungs, 
far more carbonic acid will remain in the system 
than is conducive to vital safety. If rest be 
taken for a short period, the excess of carbonic 
acid can be eliminated, and the exercises may 
be continued in safety. During muscular exer- 
tion a large quantity of carbonic acid is exhaled 
from the body as the result of the increased 
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respiration. If the exertion be lessened, the rate 
of breathing will be slower, and the amount of 
carbonic acid will be proportionately diminished. 
This is especially noticeable during sleep, when 
respiration is less frequent, and 50 per cent, 
less of this poisonous gas is exhaled than is 
the case during active exercise. 

If the muscles are moderately worked, and 
are replenished by suflScient and well-assimilated 
food, they increase in size and strength, and the 
body will fully respond to the strain it en- 
counters. This replenishing the tissues takes 
place not only while the exercises are being per- 
formed, but also afterwards, in the rest or repose 
which the body takes. Then it is that the 
waste material is carried away by the blood, 
while nutriment is taken by the same medium to 
renovate the minute cells which compose the 
tissues. As this waste is constant, repose is 
strictly essential, so that nutriment may repair 
the losses sustained by the tissues during their 
activity. 

Exercises necessitating excessive physical en- 
durance cause fatigue, which may be felt for a 
considerable period after their cessation. This is 
not attributable to the accumulation of carbonic 
acid only, but also to an unusual quantity of 
solid, waste, nitrogenous matters, which may require 
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a long time for their expulsion by the excre- 
tory organs. From this we see the necessity of 
repose, as during this period the waste matters 
with which the blood is loaded c^n be dis- 
charged from the body; the combustion of the 
elements forming the muscle structure can be 
minimised; the wasted and exhausted organs 
can be repaired and invigorated uninterruptedly 
by newer and fresher blood ; and nervous and 
muscular energy may be renewed, so that exer- 
cise may be resumed and continued with as 
much zest as before. 

The most perfect form of repose is sleep, as 
then the great vital functions are diminished in 
activity^i and the muscular system is at rest. 
Children grow most rapidly during sleep. When 
awake and active, the system is constantly dis- 
posing of the waste matters which are the 
results of its activity; but during sleep, the 
system is free to extend its operations beyond 
the mere replacing of worn-out particles — hence 
the rapid growth. 

There must be a due relation between work 
and repose, otherwise impairment of nutrition 
ensues. Excess of work will cause a diminution 
of muscular and nervous tissue ; while excess of 
repose will produce a similar result. The most 
beneficial results are obtained when the period 
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of muscular action alternates with that of mus« 
cular repose. 

The heart is an organ which is incessantly 
at work, and is, apparently^ an exception to the 
rule necessitating the alternation of intervals of 
repose with intervals of work. This, however, is 
not the case, for between two successive beats 
of the heart there is an interval of absolute 
rest, during which the waste caused by action 
is repaired. This interval of rest is estimated 
at about one-third of the time occupied by the 
heart in one complete contraction. In this in- 
terval, or pause^ the heart takes its repose • 
and it is a fact worthy of consideration that 
the working and resting periods of that organ 
are similar in duration to the waking and 
sleeping periods of the average individual. 

This necessity for intervals of repose may 
serve to explain why the human being is 
bilaterally symmetrical, or double. Thus, by 
using both sides alternately man is enabled to 
continue his work for longer periods than would 
otherwise be the case ; for while the muscles 
on one side of the body are contracting, those 
on the other side are relaxing, thus obtaining 
their necessary repose. To all persons, it is far 
more fetiguing to maintain the erect position 
when standing, than it is to walk. The reason 
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would seem to be that in walking, each side of 
the body is brought into action alternately; 
while in standing erect, both sides are used 
simultaneously, and the muscles which maintain 
the body in the erect position being subjected 
to a prolonged strain, the sense of fatigue 
very quickly supervenes. 

DUMB-BELLS, &c. 

When a certain standard oi proficiency is 
attained in the performance of fi*ee movements 
light wooden dumb-bells should be introduced 
for the use of the elder children, in order to 
bring the muscular sense — resistance to effort — 
prominently into action, without which no 
system of physical training is of material value. 
By the use of dumb-bells in the training of 
children, more physical benefit will be obtained, 
owing to the increased exertion required to 
perform the movements. The various exercises 
may be modified, at the discretion of the 
teacher, by apportioning the weight according 
to the strength of each child, who will thus 
derive the maximum benefit with the minimum 
of physical labour. Muscular nutrition is more 
intense during slow sustained movements, because 
the blood is then distributed with greater regu- 
larity to all parts that are in activity. This 
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cannot be said of exercises which need sharp, 
jerky, hurried movements for their execution. 

The peculiar value of dumb-bells is not im- 
mediately apparent. It will be realised by the 
teacher even more slowly than by the children. 
If a pair of dumb-bells be placed in a child's 
hands, he immediately feels the necessity of 
performing an energetic muscular movement, and 
will, without any persua»on, continue to make 
vigorous movements. Now, let the child lay 
aside the dumb-bells ; he at once loses interest 
in the movements, and all the efforts of the 
teaxsher will not induce him to perform an 
energetic action. The child may endeavour to 
obey the different commands, and perform the 
various exercises, because he is well discip- 
lined; but the exercises have now become an 
uninteresting task, and, therefore, prove irksome 
to him. Authority alone can now force him 
through the movements, because the interesting 
element has been withdrawn. He may continue 
to execute the movements ordered, and work in 
unison with his companions, but the evasion of 
the muscular effort will escape the eye of the 
teacher, and the exercises will produce no phy- 
sical benefit, in spite of his earnestness and strict 
supervision. 

In the use of dumb-bells, the voluntary muscles 
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are made to do something more than to move the 
parts to which they are attached. They are 
not only employed in resisting an effort, but 
are working under the influence of antagonism, 
whereby co-ordination of movement is effected. 
Muscular contraction is directly proportionate 
to the amount of resistance offered, consequently 
the greater the resistance the greater will 
be the amount of muscular effort involved. Free 
movements are, in themselves, of little value in 
the muscular development of children who 
have attained the age of twelve or thirteen 
years, and should be regarded as preparatory to 
exercises of a more advanced nature, which are 
subsequently to be performed with the aid of 
movable apparatus. All free movements should 
be executed with this object in view. 

Exercises with movable apparatus should be 
proportioned to the general strength of the in- 
dividual. An equal amount of exercise cannot 
be well adapted to each pupil in a large class; 
for though they may be of an average age, still 
their constitutions, &c., may present wide differ- 
ences, and their physique may be far from 
uniform. The practical teacher should carefully 
note the constitutional peculiarities of the pupils 
under instruction, and should so judiciously 
apportion the exercise that no child will be 
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compelled to perform an amount of work for 
which it is physically unfit. 

Clubs, wands, &c., are also beneficial in the 
physical training of the young; but as such 
appliances require a considerable amount of 
floor-space for their manipulation, their use is 
precluded in the majority of schools, owing to 
the large size of the classes and the limited 
amount of space available. Dumb-bells are most 
suitable for use in schools, as their employment 
does not demand a larger floor-space than is 
required in the performance of free movements. 

MUSIC. 

The introduction of music, in order to facili- 
tate the performance of physical exercises, 
particularly those for children, is found by 
experience to answer admirably. A judicious 
use of music will always succeed in securing 
promptness and precision in the various move- 
ments. In the performance of many exercises 
a great need of rhythm is felt. This want may 
be supplied to a certain extent by such simple 
means as the counting of numbers audibly, the 
tapping of a drum, or the use of the metronome. 
Regularity of performance may be thus obtained; 
but the monotony of the sounds employed soon 
becomes irksome to the pupils and the teacher 
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alike, and some degree of restraint is necessary 
for the continuance of the regularity of the 
movements. Something is wanting to produce a 
spontaneity of action, and to infiise animation 
into the movements. This is best supplied by 
the aid of musical accompaniment. Music should 
not accompany all physical exercises, but only 
those which require regularity of movement, and 
which can be performed almost automatically. 
The beneficial results accruing to children fix)m 
the practice of physical exercises can be best 
measured by the amount of interest and pleasure 
evinced during their performance. Children love 
variety, both in work and recreation; and any 
device which will secure that object is a great 
adjunct, and is well worthy of employment. 
Music stands pre-eminent among all devices 
which are employed to secure that object. The 
charm which music exercises upon the minds of 
children is a source of the greatest pleasure to 
them, and acts as an incentive, enabling them 
to exert a greater amount of energy in any 
given time with less weariness of muscle and 
nervous strain than is the case when music is 
not employed. With the aid of music, physical 
exercises become a delightful and exhilarating 
pastime, while the brain is comparatively at rest 
during their execution. Music has an educative 
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influence upon the minds of children in develop- 
ing their mental perception of tune, time, and 
rhythm, and in cultivating their musical taste. 
Its use during exercises, in addition to saving 
the voice of the teacher from over-strain in the 
continued use of words of command^ also affords 
relief to the ear from the monotony of their 
repetition. 

Music is of special value when applied to 
exercises performed by pupils en masse, and 
adds greatly to the effect. It may also be 
employed advantageously on occasions when 
physical exercises are performed for display pur- 
poses, adding variety to the performance, 
creating greater interest on the part of the 
audience, and producing, by its rhythm and 
correctness of time, that finish and smartness 
so necessaiy in public displays. In adopting 
music to exercises performed by children, the 
teacher must use the utmost discrimination. It 
would be unwise to employ it on all occasions, 
as it might eventually result in the children 
becoming slovenly in their movements^ thereby 
defeating the end which its introduction was 
intended to secure. When music is allowed as a 
special reward for precision in the performance of 
the exercises, a great interest will be attached to it, 
and the work will then be done with increased 
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earnestness and thoroughness. Exercises which 
will not lend themselves, either wholly or 
in part, to music, are totally unfit for the 
physical requirements of school children. In 
this case the fault lies with the system, not 
with the method of its application. 

Some teachers of physical exercises absolutely 
exclude music, while others advocate its use on 
all occasions. These extremes generally fail to 
secure the desired object. The best method lies 
between the two. 

One of the most beneficial results derived from 
healthy recreation is the complete rest from all 
mental activity. This can best be obtained by 
the daily performance of a few energetic physical 
exercises, accompanied by musia The constant 
repetition of movements, day after day, by mere 
word of command, with nothing to relieve the 
monotony, reduces physical exercises to a dry, 
daily routine. 

Vocal effort during the performance of physical 
exercises, especially those demanding vigorous 
movement, is injurious to children, and should on 
no account be permitted. All exercises necessi- 
tating considerable muscular eflfort increase the 
respiratory need, so that the strain of the 
respiratory organs induced by singing, combined 
with the increased breathing, is too great for the 
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strength of children. Still, vocal music may be 
advantageously used whenever instrumental music 
is not available. This vocal aid can be supplied 
by a class of children distinct from those per- 
forming the exercise, ov by each half of the drill 
class alternately during the intervals of rest. 

Children may be permitted to count the time 
audibly when performing physical exercises. This 
is an excellent method of obtaining rhythm of 
movement, and secures concentration of attention 
without entailing any mental strain. It also acts 
as a respiratory movement, and prevents the 
repetition of the exercises in order to secure 
precision and uniformity of movement; while the 
constant repetition of the words of command by 
the teacher is avoided. 

SINGING AND DECLAIMING AS PHYSICAL 

EXERCISES, AND THEIR RELATION 

TO OTHER EXERCISES. 

Singing, reading aloud, and reciting are excel- 
lent physical exercises, as they bring into action 
about a hundred muscles. When singing is 
properly taught, that is to say, by a professional 
teacher, it enables children to produce definite 
voice sounds, to prolong and modulate notes, to 
inspire and expire at suitable times and inter- 
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vals to produce these results, and feiYours a good 
attitude of the body. It is also useful in pre- 
venting or curing stammering and other impedi- 
ments of speech, many of them caused by school 
work improperly performed. The attitude of the 
public singer or speaker is an admirable one 
from a physical point of view. TJbe body stands 
erect, with the head raised, and the shoulders 
thrown back to allow of the free expansion of 
the chest and the enunciation of words and 
sounds; it is also a graceful attitude, and should 
be enforced on children. The good results of 
singing and speaking as an exercise must not be 
judged, however, by the loudness, softness, or 
sweetness of the sounds, as they are the results 
of minute variations in the vocal cords and 
larynx, but rather by the skill in producing and 
sustaining for a longer or shorter time one or 
more notes, and the consequent muscular control 
over the movements of the chest — in short, by 
good singing and not by the mere production of 
untrained voice sounds. The chief function of 
the teacher of singing is to show the pupil when 
to draw in the breath to produce definite results, 
to avoid sudden and unsuitable interruptions, 
and to breathe in a deliberate and systematic manner; 
hence the warbling of airs or tunes to mark the 
time during the performance of gymnastic exercises 
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is not singing in the proper sense of the 
word. 

Again, singing is useless as a chest exercise 
when it is combined with exercises which require 
some muscular effort of the arms or legs, such 
as marching, dumb-bell, and bar-bell exercises, as 
we often see them combined in the drill in elemen- 
tary schools for both sexes, and in girls' schools 
of all degrees. Singing may indeed be used in 
infants' and kindergarten schools, as it is an ex- 
hilarating occupation for infants, and no serious 
physical work should be required of children 
under the age of five or six years. 

Further, singing accompanying active physical 
exercises is not only useless but injurious, as it 
counteracts any benefit which might be expected 
from such exercises. The chest is the fulcrum or 
fixed point on which the muscles of the upper 
extremity, the trunk, and to a large extent ot 
the lower extremity, act. When a violent 
muscular effort is to be made, as, for instance, 
the lifting of a heavy weight or striking a blow, 
the chest is expanded to the utmost by a deep 
inspiration, and the breath is held by the closure 
of the vocal apparatus. On this fixed chest the 
muscles attached to the upper extremities, such 
as the large pectoral muscles, whose ordinary 
duty is to aid in the movements of respiration, 
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act in the opposite direction and enable the arms 
to do the additional work required of them ; but 
if the voice organs are set in motion, the chest 
ceases to be the fulcrum by the liberation of the 
inspired air and the reversion of the chest muscles 
to their original fiinction, and the consequent failure 
of the original object. It is only by a repetition of 
the process of drawing a deep breath and closing 
the glottis that the task can be accomplished, and 
by its repetition again and again for every fresh 
effort demanded. What is true of a violent 
muscular effort is true of muscular efforts in 
a minor degree, and it is obvious that the use of 
the voice and muscular eflfbrt are incompatible 
functions, and impede each other s performance, 
and their action cannot be simultaneous, as is 
often believed by teachers of gymnastics, but 
alternating one with the other. Hence singing 
performed under such conditions is always spas- 
modic and jerky, and the muscular ejBforts short 
and interrupted. As I have already remarked, 
the advantage of singing as a chest exercise de- 
pends on the power to sustain and modulate 
voice sounds, and the benefit derived from mus- 
cular efforts of the body are also due to sustained 
efforts. Singing and physical exercises, therefore, 
necessarily interfere with the benefits derivable 
from each of them when practised apart. Singing 
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and declamation are physical exercises which de- 
serve more cultivation than they receive in this 
country; but to be effective and useful they must 
be practised apart from all other forms of physical 
training. 

Charles Roberts, F.R.C.S. 

GAMES. 

Qames, as a means of physical culture, are 
valuable from the fact that they supply two 
hygienic wants, viz. : exercise and pleasure. All 
games possess these two essentials in a greater 
or less degree. Those which afford amusement 
and yet do not require a considerable amount 
of muscular effort in their execution are denom- 
inated recreative games. Some demand much 
physical exertion while affording some amount 
of pleasure, and are termed gymnastic games. 

The child, subjected to the discipline of the 
class-room, and wearied by the irksomeness of 
mental application, longs for a total change of 
occupation, and for some means of giving vent 
to its pent up spirits. This need is supplied 
by the healthy recreation afforded by out-door 
games. The cramped limbs have then free play, 
the strain of thoughtful study is removed, 
pleasing excitement usurps the place of mental 
concentration, respiration is quickened, the cir- 
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culation is increased, and the spirits become 
buoyant and animated. Complete .^ change has 
been brought about by the fulfilment of the great 
/ desire of childhood, viz. : motion. 

The most appropriate games for the young are 
those which provide free play for all the muscles of 
the body, require but little mental excitement, and 
admit of the unrestrained use of the voice. To 
such sports the young are instinctively addicted, 
and we find that the so-called " romping " boys and 
girls are generally those who possess the finest 
physique in after life, while as a rule, the 
*' quiet*' children are the most delicate as they 
grow older. In arranging recreative exercises 
for children we must follow nature's law as 
exhibited in the gambols of young animals. 
With them, play is the only means by which 
they attain their bodily development ; and the 
physical education of children, to be beneficial^ 
must resemble play as far as possible, otherwise 
it defeats the end for which it was intended. 

Recreative games possess the incomparable 
advantages of exciting ardour and emulation 
among the children, of encouraging their initia- 
tive powers, and of accustoming them to rapid 
and energetic action. In addition to developing 
the bodily powers, boys* games exercise a power- 
ful influence in forming individual character. 
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They promote good temper, self-control, self- 
reliance, endurance, patience, courage under defeat, 
promptness and rapid judgment. Mutual good- 
will, and the advantages of co-operation are 
taught by the companionship associated with 
the performance of games. Much of the success 
in after life may be attributed to the qualities 
developed in boyhood by the healthy, spirited 
games of school-life. 

Girls require games of as lively a nature as 
those suited to boys; but it is necessary in 
organizing such games that due regard be paid 
to the character of the female constitution, as 
the physique of girls is generally inferior 
to that of boys of similar age. In childhood, 
exercise should be almost exclusively general, 
and should have for its object the foundation 
of good health rather than the development 
of muscular strength. 

In the performance of favourite games, certain 
muscular actions are repeated a great many 
times, while others equally beneficial are seldom 
performed. Those muscles which are employed 
in the former games receive a greater amount 
of exercise than those which perform the move- 
ments of the less popular ones. Hence muscular 
development is not uniform; certain groups of 
muscles are developed, while others are com- 
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paratively neglected. In free games children 
indulge their individual propensities; they do 
just what their inclination tells them, and exert 
themselves to excel in those exercises for which 
they are specially adapted. The hardiest, most 
active, and vigorous receive all the benefits 
from these exercises, while the feeble and less 
determined children either hold aloof, or make 
efforts beyond their strength. In free games 
the method of movement is not defined before- 
hand, consequently the movements are frequently 
ungainly, are performed at random, and without 
any physical benefit in view. The children 
neglect posture and carriage, which a methodical 
physical training would foster. They walk, run, 
and jump as fancy dictates ; they do not husband 
their strength, but expend it rapidly in the too 
vigorous performance of the various move- 
ments. They therefore lose the advantage which 
a systematic course of instruction would give 
them, viz. : of training their movements in a 
reasonable, well planned, and progressive manner. 
When a large number of children are taking 
part in free games, their exuberance of spirits 
is apt to lead them somewhat beyond self-control, 
and to engender a love of horse-play and 
boisterous demonstration of enjoyment. There is 
need then for judicious supervision on the part 
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of the teacher, and additional zest will be 
given to the enjoyment of the games if the teacher 
occasionally takes part in them. It is a 
remarkable fact that school children of either sex, 
in large towns, are often ignorant of those 
healthy popular games played by scholars in 
small country towns, or in public schools. Heed- 
less, headlong running, shouting, screaming, and 
a general disregard of the safety of the younger 
children seem to be the distinguishing features 
of many of the so-called games indulged in by 
school children. Such games as these produce 
coarseness of behaviour, bullying and selfishness, 
and should be discouraged. Children should be 
taught to regard physical culture as a necessary 
part of their education, and as designed to 
secure good, sound health, which, aided by their 
mental powers, will enable them to fight the 
battle of life. 

Valuable as games are fi:om an hygienic point 
of view, yet they are not sufficient in themselves 
to constitute thorough physical training. They 
must be considered only as auxiliary to the 
regular, systematic exercise which children ought 
to receive, as a part of the daily routine, at 
the hands of their teachers. Free games have 
the disadvantage of being largely dependent 

upon the weather, and generally require a 

7 
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large amount of space for their performance. 

EFFECTS OF EXERCISE. 

Exercise has a most invigorating eflFect upon 
all the bodily organs, producing a greater activity 
in the performance of their functions. By this 
increased activity, the whole bodily energy is 
augmented. 

All forms of exercise do not produce the same 
effects upon the body. Some influence particular 
groups of muscles only ; while others, which 
bring all parts of the body into vigorous play, 
favour increased action of the respiratory and 
circulating organs, imparting a freshened vitality 
to the whole system. 

Local muscular movements do not benefit the 
whole body ; the health is not always appreciably 
improved by them, though they tend to develop 
the special groups of muscles concerned. This 
gives increased muscular strength, consequent on 
the development of the muscles which have been 
specially employed. This result is often due 
more to the frequency with which these muscles 
are exercised than to the intensity of the mus- 
cular effort required to perform the movements. 

General muscular movements perfect the func- 
tional activity of the vital organs; while the 
tissues are invigorated by the greater nutrition 
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resulting from the increased circulation. Respi- 
ratory movements are accelerated, whereby larger 
supplies of oxygen are conveyed to the blood. 
The lung tissue is improved by greater nutrition, 
which may obviate the liability to consumption. 
The heart, as a muscle, is invigorated, and con- 
tracts with increased power; while the copious 
supplies of blood received by the lungs, skin, 
internal viscera, and the glands, materially assist 
them in the better performance of their respec- 
tive functions. In addition, the muscular fibres 
become stronger, more elastic, and respond more 
readily to the nervous stimuli. They are less 
easily fatigued, and when fatigue has been in- 
duced, they can quickly recover their lost vigour. 
These beneficial results accruing to the muscles 
are aided by the work of the joints in the body. 
Thus, in the extension and contraction of the 
muscles, the joints are brought prominently into 
play. Judicious training and rational exercise 
cause them to acquire great ease of motion ; while 
neglect of exercise has been known to cause 
ossification of the joints, so that they could not 
be moved without causing excruciating pain. By 
exercise the calcareous salts are prevented from 
accumulating on the surfaces of the joints ; great 
suppleness and easy mobility are established, 

which will continue till old age ; while want of 

7—2 
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exercise frequently results in stiffness of limb and 
premature muscular enfeeblement and degenera- 
tion. The bones are as much benefited by exer- 
cise as the muscular tissues. During growth, the 
exercise of the voluntary muscles acts powerfully 
on the osseous system. If the bones are duly 
exercised they participate with the muscles in the 
active nutrition which is taking place. Without 
exercise a poor supply of blood is sent to those 
partS; resulting in deficient nutrition; while the 
cartilages, and consequently the bones, become 
weak and soft, and in many instances have been 
known to waste away. 

Unless when the body is in a state of perfect 
tranquillity, which can scarcely ever happen except 
during sleep, the circulation of the blood through- 
out the system is constantly varying. Any mus- 
cular movement, however slight, increases the 
flow of blood in some parts and impedes it in 
others. Thus in some organs the quantity of 
blood is diminished, and in others increased, by 
every muscular movement. Those organs which 
are called upon to perform particular functions 
receive an increase, while others whose offices 
are less urgent experience a diminution in the 
supply of the blood. Every muscular movement, 
the state of the stomach, the varied positions of 
the body, and the condition of the nervous sys- 
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tern influence, directly or indirectly, the circula- 
tion of the blood. 

In order to discipline the muscles to prompt 
and harmonious action, all movements must be 
practised for a definite length of time. Exercise 
should be resumed frequently, but at moderate 
intervals, so that the benefits resulting from the 
increased action of the blood may be rendered 
more permanent. If this rule be observed, nu- 
trition and functional energy will be properly 
balanced, providing that the amount of exercise 
be proportioned to the individual capabilities of 
those receiving instruction. 

If immoderate exercise be taken, the muscles 
become overtaxed, and symptoms of fatigue and 
exhaustion are exhibited by those taking part in 
the work. The muscular fibres may be over- 
strained, the nervous energy exceeded, and the 
temperature of the body may fall below the 
normal, thereby increasing liability to such diseases 
as rheumatism and muscular inflammation. 

Neglect of exercise lowers the vitality of the 
body; the strength diminishes, as little blood 
circulates in the various organs and tissues ; while 
the muscular fibres lose their wonted vigour, and 
fail to respond readily to the commands of the 
will. 

The object of teaching physical exercises in 
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schools is to provide a means of recreation under 
discipline, and to raise the general standard of 
health by quickening the circulation, increasing 
the breathing capacity, promoting nutrition, facili- 
tating the elimination of waste products from the 
system, increasing the volume and power of the 
voluntary and the functional capacity of the in- 
voluntary muscles, thereby promoting all-round 
bodily development and growth. As an aid to 
discipline, as a relaxation from the mental strain 
of class-room study, and as a relief from the pro- 
longed cramped positions which are frequently 
assumed during lessons, systematic physical exer- 
cises are admirable. 

Exercise, whether as games or organized move- 
ments, is a source of health and bodily vigour,- 
and consequently an incentive to mental activity. 
It is also beneficial in assisting the due per- 
formance of the vital functions, providing it is 
kept within the bounds of moderation. 

The development of the muscular system is 
favourable to mental and nervous activity, as the 
laws which control nervous and muscular work 
are identical. 

Systematic physical training renders the senses 
more acute; and as increased mental activity in- 
duces increased muscular activity, the body in 
general is materially benefited. 
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Physical exercises for the young must provide 
healthy relaxation, and should involve no mental 
strain. When a child's mental faculties are over- 
taxed, the best kind of exercise for it is that 
which requires no great mental eflFort in its execu- 
tion. Exercises of an automatic character, i.e., 
those that have become familiar to the child 
through long practice, are preferable to those in- 
volving a certain amount of skill or mental 
activity for their accomplishment. It is irrational 
to expect the performance of exercises demanding 
mental concentration when the brain is already 
overtaxed. Teachers are thoroughly aware of 
the fact that prolonged mental activity necessi- 
tates a period of mental relaxation, and they 
endeavour to secure this by changing the subject 
of study. This only partially succeeds in securing 
the object in view, for mental fatigue will still 
continue, though perhaps in a modified degree. 
Complete mental repose can only be secured by 
total release from all intellectual occupation. 

Automatic movements necessitate no great 
mental eflfort, and fatigue produced by their per- 
formance is purely muscular. Hence it can 
readily be seen how immensely beneficial it is to 
engage in such movements when rest for both 
brain and nerves is required. 

Exercises on fixed apparatus are unsuited to 
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the physical training of young children. The 
muscular efifort is too violent when a limited 
number of muscles are employed, and may 
seriously affect harmonious development. The 
muscular effort must be distributed over as wide 
an area as possible, in order to bring all the 
functions into greater activity without rapidly 
producing fatigue. This result will be most 
surely attained by following a systematic course 
of physical training. Such a course would admit, 
in its earliest stages only, the action of single 
groups of muscles. This early stage is necessary 
to allow certain muscles to recuperate while others 
are brought actively into play. Thus one group 
after another will be brought prominently into 
vigorous activity, fatigued, and rested. As the 
pupils attain accuracy and precision in the per- 
formance of the elementary movements, the various 
groups of muscles gain in strength and activity, 
and may gradually be brought into combined 
action in performing the more difficult exercises 
of the advanced stage. 

After exercise, children should not be allowed 
to rest in places where the temperature is much 
above or below that in which the exercises were 

performed. Draughts should be particularly 
avoided, both during and after exercise ; for should 
the body be exposed to currents of cold air, the 
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sudden change oi temperature will suppress 
perspiration, thereby causing chill and perhaps 
muscular rheumatism. Perspii'ation due to exer- 
cise is the reverse of debilitating. It equalises 
and stimulates the circulation, relieves the internal 
excretory organs, improves digestion and nutri- 
tion, and invigorates the skin. Therefore exercise, 
to have its full eifect, should be continued until a 
sensible degree of perspiration is experienced. 

RULES FOR CONDUCTING THE 

LESSON. 

The Physical Instructor : Those who profess 
to be instructors of physical education should have 
a practical knowledge of the subject in all its 
branches. They should be capable of demon- 
strating all kinds of floor-work, such as free 
movements, clubs, dumb-bells, and wands, and of 
performing practical gymnastics on all apparatus 
that is to be found in a properly-equipped gym- 
nasium. They should also possess a practical 
knowledge of antagonistic exercises, out - door 
gamies, and swimming. 

To acquire these qualifications, they should 
have received a thorough and systematic training 
in the theory and practice of physical education 
under qualified instructors, and should possess 
certificates or diplomas fi:om recognised bodies 
ot examiners setting forth their qualifications. 
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A person who is deficient in any one branch 
of the subject is unworthy to be recognised as a 
physical instructor, or to act as an examiner in 
the subject. The absolute proficiency of a physical 
instructor is a matter of the greatest moment to 
the general public, as well as to the frequenters 
of public and private gymnasia, besides being of 
vital importance to those who are responsible for 
the physical education of school children. 

A distinguishing feature of any system of 
physical training for school children should be its 
simplicity of acquisition. Those whose duty it 
is to impart the instruction (and they should be 
the teachers) should be able to grasp its practical 
application after undergoing a course of about 
twenty-five lessons, each of one hour's duration. 
Any system that cannot be acquired bj' the 
teacher in this time is unfit for the use of 
children. 

Any system of physical training for school 
children of either sex, with or without movable 
apparatus should be totally free from complicated 
or difficult movements, and yet be attractive. 
The movements should not require a great amount 
of muscular exertion for their performance, but 
should be of such a nature as to be readily per- 
formed with grace and precision, even by the 
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youngest children. Nothing should be introduced 
which would necessitate the children's hands, 
clothing, or any part of the body coming in eon- 
tact with the ground. 

Again, the various exercises should be capable 
of being performed by the children whilst dressed 
in their ordinanj clothing, and should be acquired 
by the teachers under similar conditions. These 
exercises must be independent of the weather, so 
that they may be performed either indoors or in 
the open air, according to the season. 

To be successful in teaching physical exercises, 
those conducting them should be thoroughly con- 
versant with the system employed, and its method 
of application ; and in teaching children, the par- 
ticular sections suitable to their age and strength. 
They must be capable of explaiaing in the 
simplest language what is to be done and how 
to do it. 

The progress of the pupils depends almost en- 
tirely on the eflSciency of their teachers. To 
ensure success it will be necessary for the teachers 
to perform the movements accurately before the 
class, drawing attention as briefly as possible to 
any points that may be considered necessary. 

The teachers ought to make themselves 
thoroughly acquainted with the exercises before 
attempting to conduct them, as it is absolutely 
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essential that every movement should be accu- 
rately demonstrated to the pupils in the first 
instance. After the children have thoroughly 
grasped an exercise, there is no necessity to illus- 
trate it in subsequent lessons, occasional correc- 
tions excepted. Information conveyed to the 
mind through the medium of the eyes is always 
more firmly stamped on the memory than that 
received through the ears. 

A pleasing manner and a good temper are most 
essential. While the class is standing at ease, 
the benefits derived from physical exercises can 
be briefly explained to the elder children, and the 
particular parts of the body which were most 
prominently exercised in the preceding move- 
ments should be mentioned. Teachers should 
consider the diflferent capacities of their pupils, 
and be patient in those cases where inability to 
perform the exercises is coupled with apparent 
willingness. 

Every command should be divided into two 
parts, the cautionary or explanatory, and the ex- 
ecutive. Between the cautionary and executive 
command a sufficient pause should be made to 
allow the children time to concentrate their 
attention. 

All executive words of command should be pre- 
ceded by cautionary words, which, as far as 
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possible, should be of such a nature as to be in- 
dicative of the actual movement to be perfonned. 
This will ensure promptness of action with the 
least amount of mental strain. In other words, 
every executive command should have distinct 
cautionary ones peculiar to itself, and the parts of 
the body or limbs which are to be most promi- 
nently exercised should be named in the cautionary 
commands. 

The cautionary command should be pronounced 
slowly and distinctly, and the executive one de- 
cisively and sharply for rapid movements; while 
a slow, soft, prolonged tone should be used for 
slow movements. Thus the executive command 
will indicate at what rate of movement an exercise 
is to be performed. 

With the correct use of words of command, 
children will think quickly and respond smartly; 
and, by the modulation of the teacher's voice, 
their movements will be regulated. The class is 
also thoroughly under control, strict attention i» 
ensured, and all inaccuracies are easily adjusted. 

The teachers must be firm, clear, and concise 
in giving their directions. The prompt and ac- 
curate performance of movements is simply the 
result of previous careful training. 

After children have practised a number of exer- 
cises in rapid succession, the teacher may give the 
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command to rest, or "Stand at ease"; but this 
command need not be given often, as in the time 
set apart for physical training in elementary 
schools the children's muscles can hardly be over- 
taxed if arm, trunk, and leg exercises are 
suflSciently varied. Still, the children may be 
allowed to rest while the teacher explains or 
demonstrates a new movement. 

Accuracy in detail is of the highest importance 
in conducting a course of physical training. The 
strictest attention should be paid to minute detail 
in all movements, whether elementary or ad- 
vanced. Accuracy necessitates attention, and this 
implies in its turn complete subordination of the 
movements to the control of the will. 

Attention paid to the correct execution of the 
most elementary movements and positions will 
materially lessen the difficulty of the succeeding 
exercises. 

Tables of exercises, supposed to be suitable for 
certain classes, no matter how scientifically 
arranged, should never be countenanced in the 
physical training of school children, as such tend 
to make the physical lesson a monotonous task 
to be repeated day after day, and week after 
week, until both teacher and pupils are wearied 
by the sameness of the subject. 

As previously stated, teachers should be 



Ill 

thoroughly familiar with the entire system which 
they are supposed to teach, and the variation of 
the exercises should be left to their discretion, 
restriction only being placed on the limit of 
advance. This will admit of the performance of 
all movements previously practised. In other 
word3, the elder children should perform the ad- 
vanced exercises in addition to the whole of the 
elementary and intermediate ones, at the dis- 
cretion of the teacher. Therefore a course of 
physical training for school children should be a 
progressive one, commencing with the simplest 
exercises. The teachers should not be required 
to strictly follow the course as laid down, but 
should be allowed to select movements from each 
group to meet the requirements of their pupils. 
Hence the necessity of insisting that all teachers, 
male and female, who profess to teach physical 
exercises, should have at least an elementary know- 
ledge of the anatomy and physiology of the 
human body. On the other hand, if tables of 
exercises are laid down to be performed by cer- 
tain classes, and no discretion allowed on the part 
of the teacher, no such theoretical knowledge is 
necessary, as the task is set, and there must be 
no departure from it — consequently the teacher 
has no choice in the matter. 

If this method as suggested is observed, a 
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change can be brought about at every lesson, con* 
sequently it will become interesting to all. A 
satisfactory state of efBciency can nearly always 
be arrived at by such a method, besides which 
it promotes thorough conscientious work in all 
classes throughout a school, all children receiving 
the maximum benefit of the training in the limited 
time set apart for the subject. Any person who 
will give this matter one moment's reflection will 
readily see that the use of restricted tables of 
exercises must be a palpable error; for either the 
children who are well-fed and clothed are in- 
suflBciently exercised, or those who are ill-fed and 
scantily clothed are receiving an excessive amount 
of physical training. 

Circumstances should regulate the amount and 
variety of exercises, and when teachers fail in 
showing sufficient intelligence and judgment in 
selecting exercises suitable to the requirements of 
their pupils, it is time for others to determine 
the task. 

In conducting the physical education of school 
children it is not necessary to go through a 
specified lesson. It is far more beneficial, in a 
hygienic point of view, to secure the correct execu- 
tion of a small number of movements than to 
hurry through a large number in a careless and 
superficial manner. Still, arrangements should be 
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made whereby exercises for all parts of the body- 
are introduced during the lesson. If the lesson 
is conducted in the open air, respiratory move- 
ments should always be introduced, either at the 
middle or towards its close. Simplicity of exer- 
cise and grace of movement should be the pre- 
vailing features in the physical training of school 
children. Nothing intricate or of an acrobatic 
character should be introduced: and every exer- 
cise, however simple, should be taught with the 
view of developing some particular part of the 
body. Great attention should always be paid to 
the most elementary movements and positions, as 
their correct execution will materially lessen the 
difficulty of the succeeding exercises, if the sys- 
tem taught is a thoroughly progressive one. 

The benefits to be derived from teaching physi- 
cal exercises to children will be best secured, not 
by the time expended on the subject, but by the 
frequency of the lesson. If it could be so 
arranged that every class in a school should de- 
vote not less than ten minutes to physical exer- 
cises every morning and afternoon without fail, 
and that the instruction should be given in the 
open air whenever possible, a great improvement 
would be soon noticed in the "set-up" and bear- 
ing of the scholars. By adopting such a scheme, 

the instruction given would be more thorough and 

8 
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methodical, a more beneficial result would be 
apparent, while the pernicious practice of "work- 
ing up" in readiness for periodical examinations, 
which is frequently the case, would be entirely 
prevented. 

Exercises, when performed in class-rooms, should 
be restricted to movements of the trunk and upper 
limbs chiefly, and as little foot movement and 
marching as possible should be introduced. Stamp- 
ing the feet on the floor, and slapping the hands 
on the clothing when assuming the position of 
" Attention " should be strictly prohibited, as 
tending to circulate the dust, which often con- 
tains germs of infectious diseases, and maj'^ prove 
most injurious to those breathing an atmosphere 
thus contaminated. 

To render exercise as beneficial as possible, it 
should always be taken in the open air. If cir- 
cumstances will not permit of this, the room in 
which the exercises take place should be freely 
ventilated, as a great part of the benefit derived 
from exercise is due to the increased circulation 
and more perfect oxidation of the blood. An 
ample supply of oxygen is therefore needful, and 
this can only be obtained by allowing free ingress 
to the external air. 

The time selected for physical exercises should 
not encroach on the ordinary play-time. The 
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lesson ought to be taken from actual school-time, 
and reckoned as actual school-work. 

Physical exercises should be performed both 
during the morning and afternoon, but some dif- 
ference should be observed in the mode of their 
application. Those which demand the greatest 
amount of muscular energy should be taken in 
the forenoon, when the children's minds and bodies 
are in their besu condition; while in the after- 
noon, exercises requiring the least amount of 
effort ought to be selected. The most appropriate 
time for exercise is about the middle of each 
session. In schools where few indoor facilities 
exist, and where outdoor physical training is in- 
variably the rule, exercise in the open playground 
is impossible during unfavourable weather. If in 
such case the morning lesson be unavoidably lost, 
there is the probability of the weather clearing 
in the afternoon, so that the children may still 
receive one lesson during the day. In schools 
where only one lesson a day is given, the morn- 
ing should be chosen for that purpose in preference 
to the afternoon, so that when the instruction can- 
not be imparted in the forenoon it may yet be 
possible to give it later in the day. 

A typical lesson on physical exercises should 

embrace one or more movements for each part of 

the body, commencing with the most simple and 

8—2 
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gradually working up to the most difficult ones, 
or those requiring more energy in their execu- 
tion. As the lesson draws to a close each suc- 
ceeding exercise should be of a milder form than 
the preceding one. Intensity, variation, variety, 
and duration of the exercise must be regulated 
by such considerations as the following : — Time of 
day, weAther, age, sex, constitution, and social 
position of the children. The average physique 
of a boy, being superior to that of a girl, demands 
that the exercises of the former should be per- 
formed with more vigour and continued for longer 
periods than those of the latter. There is no 
necessity for the adoption of two systems — one 
devoted to each sex — in the physical training of 
school children. A system that may be found 
beneficial for one sex may be equally bene- 
ficial to the other, but this will depend chiefly 
on the method of application. Still, with all 
systems, gradual and systematic increase in the 
amount of physical work is necessary. 

A class of beginners should not, as a rule, con- 
sist of more than forty children. As the class 
becomes tolerably proficient in the performance 
of the exercises, this number may be indefinitely 
increased, until all classes may work en masife, 
providing the ^, necessary facilities exist. 

It will conduce to the comfort and steadiness 
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of the class if the children's backs are turned 
towards the light when exercising indoors, but 
they may face towards the windows if the latter 
are provided with blinds. When a lesson is con- 
ducted in the open air, a shady part of the play- 
ground should be selected; but if this is not 
possible, the children should not be allowed to face 
towards the sun. During very windy weather it is 
not advisable, for many reasons, to conduct physi- 
cal exercises in the open air. In damp or cold 
weather, the most beneficial exercises in the play- 
ground will be those which bring the lower limbs 
into vigorous activity. Marching in quick and 
double time, hopping, and marking time will 
secure this object. 

During physical instruction nothing should be 
allowed to hinder the free play of the trunk and 
limba All such appendages as satchels and 
scarves should be removed previously to the com- 
mencement of the lesson. The wearing of over- 
coats, capes, cloaks, and such garments during 
physical exercises should, for many reasons, be 
prohibited, chiefly because they produce discom- 
fort, by obstructing free movement and causing 
excessive perspiration. The habit which many 
boys have of carrying their caps concealed about 
their clothing is also highly objectionable. 

In mixed schools, when scholars of opposite 
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sex are being instructed together, the girls should 
be placed on the left of the class, so that when 
the ranks are "opened out" they will be behind 
the boys. 

It is strictly essential that a methodical system 
of marching into a hall or playground for the 
drill lesson should be rigidly enforced, and the 
children should be taught from the earliest stage 
to be prompt in the formation of the class for 
exercise. The observance of these two points 
will effect a considerable saving of time, and will 
enable the class to receive a longer lesson than 
is frequently the case. The return of the children 
to the class-room after exercise should also be 
conducted in a methodical manner. 

SPINAL CURVATURE. 

The primary or predisposing cause of spinal 
curvature in children is debility of the component 
parts of the column, particularly the interverte- 
bral substances; while inequality in length of 
limb and excessive use of particular muscles are 
but secondary or exciting causes. The deformity 
very rarely manifests itself before the child has 
attained the age of seven or eight years. Any 
undue inclination to one side, if habitual, will 
cause a certain diminution in the thickness of the 
intervertebral substances on the side to which the 
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body inclines, accompanied by a proportionate in- 
crease on the opposite side, and will in the course 
of time produce permanent distortion of the whole 
column. 

The lateral curvature of the spine, which is the 
most prevalent form, chiefly occurs on the right 
side; the convexity of the dorsal curve is to the 
right, resulting in the raising of the right 
shoulder. 

If, owing to constraint or want of exercise, a 
due supply of blood be not afforded to the bones 
of the spine, their development will be retarded, 
and they will consequently yield more readily to 
any undue pressure. During childhood, these ill- 
effects will be more easily produced, as the com- 
ponent parts of the column are then of a cartilagi- 
nous nature, and the intervertebral substances 
exceedingly soft. 

The child, kept daily seated at its tasks or 
compelled to stand during long lessons, suffers 
from want of change of position. It en- 
deavours to relieve its cramped limbs by assum- 
ing that attitude which affords the greatest relief 
to the languid muscles. The child stands with 
its weight supported on one leg, generally the 
left, in order that the more active leg may be 
free. This throws out the left hip, depresses the 
left shoulder, and hollows the trunk on the same 
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side. In this position the body and all the in- 
ternal organs are thrown out of their normal 
vertical position, and the force of gravity still 
fiirther exaggerates this result. 

It rarely happens that the spine assumes one 
simple lateral curve from end to end ; on the con- 
trary, there are at least two in opposite direc- 
tions, the upper one being called the dorsal and 
the lower the lumbar curve. The first of these 
curves is directly induced by some external cause; 
the second is produced by the necessity of re- 
storing the balance disturbed by the curvature 
first set up. Hence the one is termed primary, 
the other secondary or compensatory, and they 
occur simultaneously. 

When the spine first curves laterally it also ro- 
tates, and in this movement it drags the ribs with 
it and deforms the chest. In rotation, the tips 
of the spinous processes (which are the only 
parts of the column which can be felt), move 
away from the side in which the lateral displace- 
ment occurs ; consequently each vertebra is twisted 
horizontally, so that the tips of its spinous pro- 
cesses point towards the concavity of the curve. 
Eventually there is a stage of the condition when 
the tips of these processes will lie in a straight 
line, and yet the vertebrae will be considerably 
displaced. Coincident with this deviation are 
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certain changes in the apparent size of the left 
and right sides of the thorax. The ribs attached 
to the convexity of the lateral curvature are 
drawn back, and the vertebrae, by their rotation, 
throw the ribs on the opposite side forward. 
Consequently the sternum will be displaced, one 
side of the chest will appear small and shrunken, 
while the other will be more prominent, and on 
a plane further forward than its fellow. In the 
earlier stages of lateral curvature, the curve 
vanishes when the person lies down ; but in an 
advanced stage, though greatly diminished, it 
does not entirely disappear. 

Positions Favouring Spinal Curvature. — 
In writing, children are apt to acquire the habit 
of sitting with an inclination of the body to the 
left side, the left arm resting on the elbow or 
hanging by the side. This causes an inclination 
of the head to the left, and a consequent raising 
of the right shoulder. In this position the work 
is viewed obliquely, and one eye. is nearer to it 
than the other; the chest is often cramped and 
distorted by leaning against the desk; and the 
weight of the body is generally thrown on the 
left hip. A child, seated on a form or chair, will 
often assume such a position as will cause the 
weight of the head, trunk, and arms to fall on 
one hip without any apparent deviation of the 
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lower part of the spine from the upright position. 
In this position the spine is drawn to one side, 

while the head and neck lean to the other. Sit- 
ting with the arms loosely folded in front of the 
body is decidedly injurious, as they will invariably 
drop, causing their weight to be thrown on the 
abdomen. In this position the shoulders and 
head are carried forward, the freedom of the 
diaphragm's movement is restricted, thereby im- 
peding respiration, while the pressure on the 
stomach hinders digestion. 

A giri, when carrying a child, invariably uses 
the same arm on all occasions. If this be the 
left arm, the child's left shoulder being that 
furthest from the nurse, is lowered; conse- 
quently that side is hollowed, and the right 
shoulder is elevated through the arm being 
placed round the nurse's neck. This may be the 
means of laying the foundation of spinal curva- 
ture in both child and nurse, as the latter must 
lean to the right to counterbalance the weight of 
her charge. The habit which a child contracts of 
always lying on the same side of its body when 
at rest will tend to produce this deformity, or to 
aggravate it when it exists in its earlier stages. 

Allotting to each scholar a particular seat in a 
class-room may often lead to a slight spinal de- 
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viation, and should the light be admitted from 
one side of the room only, slight defects of eye- 
sight may be produced. 

The common practice of compelling children to 
stand or sit for a considerable time with their 
hands placed on thmr heads must be condemned, 
as it is decidedly injurious in causing "poking 
head." This deformity is very prevalent with 
school children, and may chiefly be attributed to 
the forward inclination of the head caused by 
bending over the low desks at which they fre- 
quently study. The head being constantly inclined 
forward, this deformity will eventually become 
permanent. 

The description of the steps by which weakness 
of the back and habitual posture lead to curva- 
ture suggests at the same time the means of pre- 
venting the curvature, or of correcting it in its 
earliest stages. 

In the first place the habit of standing on one 
leg in preference to. the other must be broken, 
and the child taught to throw its weight, when 
resting, as frequently on one leg as on the other. 
If one attitude is preferable to the other it is 
found in the military position of "Standing at 
ease." In this case the weight is thrown on the 
right leg, thus causing the spine to be laterally 
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inclined to the right, throwing its convexity to 
the lefty and so counteracting in some degree 
the prevalent convexity to the right. 

All positions which tend to give predominance 
of inclination to one side are to be avoided. In 
sitting upright, the thighs should be bent at 
right angles to the trunk, and supported for not 
less than two-thirds of their length on the seat ; 
the legs should be at right angles, to the thighs 
at the knee-joints, and the feet wholly supported. 
This position is one of great stability, as the 
centre of gravity of the trunk falls within a 
broad base; no dragging sensation is felt in the 
limbs ; no fatiguing muscular action is induced ; 
no undue weight is thrown on either hip, elbow, 
or hand; and the whole of the work can be seen 
at a glance. 

In addition, no strain is thrown on the liga- 
ments of the spine ; but, on the contrary, a proper 
position of the shoulders is thus permitted, and 
consequently no undue pressure is placed on the 
organs of the chest and abdomen. If the legs 
of young children are unsupported during long 
continued sitting, especially when the thighs are 
insufficiently supported, the latter may acquire a 
crooked form. 

The relative positions of the desks and seats 
in some schools are frequently the means of 
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causing spinal curvature, or favouring its develop- 
ment. If a faulty position is forced upon a child 
daily, such a position will in time become habitual. 
To obviate this, the edge of the desk should be 
perpendicularly over the edge of the seat; thus 
any forward inclination of the trunk will be pre- 
vented. The seat should be provided with a back, 
in order to give support to the lower two-thirds 
of the spinal column during reading, &c. The 
desk should be at such a height as to enable the 
pupil to place his fore-arms horizontally on it with- 
out carrying the trunk forward. This will ensure 
the work being placed nearly as low as the waist. 
The shoulders will thus remain square, and the 
arms will not bear any weight of the body. For 
writing, drawing, &c., the desk should be so 
arranged that it can be inclined towards the child 
at an angle of about 20°. In leaning forward and 
bending the head over the desk, the return of 
venous blood from the head is retarded. This is 
frequently the cause of headache and defective 
eyesight among scholars. 

A common spinal deformity, consisting of slight 
posterior curvature, frequently manifests itself 
among rapidly-growing school children, particu- 
larly in the case of boys whose ages vary from 
six to fourteen years. This is indicated by slight 
excurvation of the upper dorsal region (as seen 
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in round shoulders), and slight incurvation of the 
lumbar region (lumbar curvature exaggerated). 

The primary cause may be attributed in many 
cases to a slight constitutional weakness of the 
spine, or to debility arising from overgrowth. The 
exciting cause is the undue proportion of time 
devoted to sedentary pursuits, e.g,, writing on low 
desks, &c. 

When spinal curvature exists in an early stage, 
it may be counteracted in a great degree by the 
employment of exercises which are calculated to 
promote the strength of the spinal column and 
the muscles associated with it. Such exercises 
as require a variety of attitudes in their per- 
formance are especially adapted to secure this 
object; but when the curvature has reached an 
advanced stage in adult life it is impossible to 
remove it entirely, although it may be partially 
remedied during growth. 
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LIST OF QUESTIONS SET AT VABIOUS EZAMIN 
ATIONS IN THE THE0B7 OF PHTSICAL 

EDUCATION. 



SCHOOL BOARD FOR LONDON. 

Examination in the Theory of Physical Education. 

Male Teachers, 

Saturday, December 6, 1890. Morning — 11.30 to 1.30. 

Direciion%, 
Write your name and the name of your school at the top 

right-hand comer of each sheet of the worked paper. 
Use a separate piece of paper for each answer, and write 

the number corresponding to the question before 

each answer— and before handing in your paper see 

that the answers to the questions are in their 

consecutive order : viz., 1, 2, 3, 4, &c. 
Avoid introducing irrelevant matter into the answers, 

and make them as concise as possible. 
Sign your full name at the bottom of the last sheet of 

paper and write distinctly. 

. Questions. 

1. What is the aim and object of educational gymnas- 
tics, and why is it desirable that they should be practised 
in addition to outdoor games ? 

2. How is the " erect'' position maintained in man ? 

3. Why is it so important that a room in which 
physical exercises are conducted should be particularly 
well ventilated and cool ? 

4. How should exercise be taken to be beneficial, and 
by what should its amount be regulated ? 

5. What are the symptoms of over-exertion and ex- 
haustion, and what causes a man to grow pale after too 
prolonged exercise ? 

6. How would you define exercise, and in what manner 
does it affect the nmscular system ? 

7. Give a concise list of exercises you think suitable 
for a class of beginners. 

8. Describe briefly the exercises that can be performed 
in a class-room without removing the desks. 
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SCHOOL BOARD FOR LONDON. 
Examination in the Theory of Physical Education. 

Female Teachers, 

Saturday, May 30, 1891. Morning— 11.30 to 1.30. 

Directions. 

Write your name and the name of your school at the top 
right-hand corner of each sheet of the worked paper. 

Use a separate piece of paper for each answer, and write 
the number corresponding to the question before 
each answer— rand before handing in your paper see 
that the answers to the questions are in their 
consecutive order : viz., 1, 2, 3, 4, &c. 

Avoid introducing irrelevant matter into the answers, 
and make them as concise as possible. 

Sign your full name at the bottom of the last sheet of 
paper and write distinctly. 



Qtiestions, 

1. Give a definition of the term Physical Education. 

2. What effects on the muscular system result from 
the neglect of proper exercise ? 

3. In conducting a course of Physical Training, state 
concisely some of the principal points to be observed. 

4. What benefits, apart from those directly affecting 
the muscular system, result from properly directed 
healthy exercise ? 

5. In what " positions " should purely respiratory exer- 
cises be conducted, and how should they be executed ? 

6. What are the effects of proper respiratory exercises ? 

7. Describe some of the injurious positions into which 
children are liable to fall in school time. 

8. What, in your opinion, is the proper duration of a 
gymnastic lesson for children in elementary schools, and 
what the most suitable time in the day for conducting 
it ? — Give your reasons for such opinion. 
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KENSINGTON CHURCH EDUCATION BOARD. 

ST. MARY ABBOT'S SCHOOLS, \V. 

Special Class. — Male Teachers. 
Examination in the Theory of Physical Education. 



October 14, 1891. 



Questicyiis. 

1. Give a definition of the term Physical Education. 

2. What effects on the muscular system result from 
the neglect of proper exercise ? 

3. In conducting a course of physical training, state 
concisely some of the principal points to be observed. 

4. What benefits, apart from those directly affecting 
the muscular system, result from properly directed 
healthy exercise ? 

5. In what " positions " should purely respiratory 
exercises be conducted, and how should they be exe- 
cuted 1 

6. What are the effbcts of proper respiratory exer- 
cises 1 

7. Explain the importance of bodily exercise. Why 
is rest necessary ? 

8. What are the effects of bodily exercise on the 
respiratory, circulatory, and digestive apparatus ? 

Two hours allowed. 

9 
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ST. MARY'S TRAINING COLLEGE, 
HAMMERSMITH, W. 



Students, 



Examination in the Theory of Physical Education. 



November 8, 1892. 



Questions, 



1. Describe some of the good effects of physical 
recreation on children. — (a) Physical, (h) moral. 

2. Why should the young undergo systematized 
exercise in addition to playing athletic games ? 

3. What do you consider should be the duration 
of a lesson in physical exercises for children between 
the ages of ten and fifteen, and how many lessons a week 
should suffice ? 

4. (a) About what temperature should the atmos- 
phere of a room be during a lesson in physical exercises ? 
(6) How should those being exercised be clothed ? 

5. State some of the dangers to be guarded against 
in conducting a lesson. 

6. Describe briefly the symptoms of exhaustion and 
over-fatigue. 

Time allowed 1^ hours. 
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ST. MARY^S TRAINING COLLEGE, 
HAMMERSMITH, W. 



Students, 



Examination in the Theory of Physical Education. 



November 3, 1893. 



Qttestions. 



1. (a) What is the aim of educational gymnastics? 
(6) Why should they be practised in addition to outdoor 
games ? 

2. How is the erect position of the body maintained 1 

3. State the symptoms of over-exertion and ex- 
haustion. 

4. Mention some of the principal points to be observed 
in conducting a lesson in physical exercises. 

5. What should be the duration (about) of a lesson 
in physical exercises for children between the ages of 
six and fourteen, and what the best time of the day for 
conducting it 1 

6. State why it is injurious to take violent exercise 
shortly after a meal. 

Time allowed IJ hours. 

9—2 
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SCHOOL BOARD FOR LONDON. 

Examination in the Theory of Physical Education. 

Male and Female Teachers. 

Satuuday, January 20, 1894. Morning — 11 to 12.15. 

Directions. 

Write your name and the name of your school at the top 
right-hand comer of each sheet of the worked paper. 

Use a separate piece of paper for each answer, and write 
the number corresponding to the question before 
each answer — and before handing in your paper see 
that the answers to the questions are in their 
consecutive order : viz., 1, 2, 3, 4. 

Avoid introducing irrelevant matter into the answers, 
and make them as concise as possible. 

Sign your full name at the bottom of the last sheet of 
paper and write distinctly. 



Questions. 

1. Give a definition of the term and explain the 
objects of " Physical Education." 

2. Explain shortly why children who are not well 
nourished should have less physical exercise than those 
who are properly fed. 

3. Explain why it is considered better to exercise 
children attending elementary schools in free movements 
rather than on apparatus, and mention the principal 
points to be observed in conducting a lesson in physical 
exercises. 

4. State which you consider are the better exercises 
for a person who is overworked mentally ; those demand- 
ing skill, or those of an automatic character ; and give 
your reasons. 
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SCHOOL BOARD FOK LONDON. 

Examination in the Theory of Physical Education. 

Male and Female Teachers, 

Saturday, July 21, 1894. Morning — 11 to 12.30. 

Directions. 

Write your name and the name of your school at the top 
right-hand corner of each sheet of the worked paper. 

Use a separate piece of paper for each answer, and write 
the number corresponding to the question before 
each ansvter — and before handing in your paper see 
that the answers to the questions are in their 
consecutive order : viz., 1, 2, 3, 4. 

Avoid introducing irrelevant matter into the answers, 
and make them as concise as possible. 

Sign your full name at the bottom of the last sheet of 
paper and write distinctly. 



Qy^estions. 

1. Explain why a period of repose is necessary after 
hard physical exertion, and what evil consequences 
would result if it were not taken. 

. 2. What is the cause of the healthy glow upon a 
person's face during proper and moderate exercise ; and 
how do you account for the pallor observable after pro- 
longed or undue exertion, and of what is this latter 
indicative 1 

3. What is the proper position that a person should 
assume when writing at a desk ? Mention some of the 
injurious positions into which children frequently fall 
while at lessons, and give a table of exercises suitable for 
a class of beginners. 

4. What are the efifects of respiratory exercises, and 
at what period of a lesson in physical drill should they 
be performed ? 
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ST. MARrS TRAINING COLLEGE, 
HAMMERSMITH, W. 



StuderUi, 



Examination in the Theory of Physical Education. 



November 5, 1894. 



1. Give a deiinition of the term and explain the objects 
of " Physical Education." 

2. Explain why it is considered better to exercise 
children attending elementary schools ih free movements 
rather than on apparatus, and mention the principal 
points to be observed in conducting a lesson in physical 
exercises. 

3. What is the proper position that a person should 
assume when writing at a desk ? Mention some of the 
injurious positions into which children frequently fall 
while at lessons, and give a table of exercises suitable for 
a class of beginners. 

4. State which you consider are the better exercises 
for a person who is overworked mentally ; those demand- 
ing skill, or those of an automatic character; and give 
your reasons. 

Time allowed 1^ hours. 
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SCHOOL BOARD FOR LONDON. 

Examination in the Tlieory of Physical Education. 

Jewish Male and Female Teachers, 

Monday, Novbmbbr 26, 1894. Evening — 6.30 to 7.45. 

Directions. 

Write your name and the name of yonr school at the top 
right-hand comer of each sheet of the worked paper. 

Use a separate piece of paper for each answer, and write 
the number corresponding to the question before 
each answer — and before handing in your paper see 
that the answers to the questions are in their 
consecutive order: viz., 1, 2, 3, 4. 

Avoid introducing irrelevant matter into the answers, 
and make them as concise as possible. 

Sign your full name at the bottom of the last sheet of 
paper and write distinctly. 



Qy^stions. 

1. Why is it imperative that in a room in which 
physical exercises are performed the air should be cool 
and pure and the ventilation as perfect as possible, and 
what should be the temperature of the room ? 

2. By what should the amount of exercise taken by 
an individual be regulated, and what are the symptoms 
of over-exertion? 

3. How is the skin affected by exercise ; what are its 
functions ; and why is it so important that it should be 
kept clean ? 

4. State briefly the effect upon the muscular system 
of the want of proper exercise, and explain why repose 
is necessary after hard bodily labour. 
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SCHOOL BOARD FOR LONDON. 
Examination in the Theory of Ph3rsical Education. 

Male and Female Tea/^hers. 

Saturday, Dbcbmbbr 15, 1894. Morning — 11 to 12.30. 

Directions. 

Write your name and the name of your school at the top 
right-hand corner of each sheet of the worked paper. 

Use a separate piece of paper for each answer, and write 
the number corresponding to the question before 
each answer — and before handing in your paper see 
that the answers to the questions are in their 
consecutive order : viz., 1, 2, 3, 4. 

Avoid introducing irrelevant matter into the answers, 
aud make them as concise as possible. 

Sign your full name at the bottom of the last sheet of 
paper and write distinctly. 



'♦ 



Questions. 

1. State briefly the results we seek to attain by a 
course of systematized physical exercise, and upon what 
doos the benefit therefrom chiefly depend. 

2. State why it is desirable that gymnastics should be 
practised in addition to outdoor games, and also what is 
the proper duration of a gymnastic lesson for children in 
Elementary schools, and the most suitable time in the 
day for conducting it. 

3. How is the skin affected by exercise, and what are 
its functions ? 

4. How is the erect position maintained in the human 
body? 
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The following were some of the questions given at the 
examinations for the College Diploma held in 1892-3, & 4. 

Examiners, 

W. Anderson, Esq., f.r.c.s., Eng. 

C. Roberts, Esq., f.r.c.s., Eng. 

T. D. Savill, Esq., m.d., Lond., d.p.h., Camb. 



Theory of Physical Education. 

What effects has systematic exercise on the nervoas system ? 

Why is it important that a gymnasium (exercising room) 
should be well ventilated ? 

What is the yalae of flannel as an article of clothing ? Is it 
more important to change before or after exiercise ? 

Give a brief description of the circulatory system in man. 

WJiat are the relative merits of indoor and ontdoor exercises ? 

What are the best times of day to take (a) food, (&) exer- 
cise? 

What is the difference between air inspired and air expired ? 

What is the effect of muscular exercises on the respiratory 
system ? 

Describe the backbone and its movements. What are the uses 
of the curves in the spinal column ? 

How is the erect position maintained in man ? What are 
the symptoms of muscular fatigue ? 

What is the difference between venous and arterial blood? 
What are the effects of muscular exercise on the blood and 
circulation ? 

What are tho functions of the skin, and why is it necessary 
to maintain their activity ? How may this be done ? 



Candidates for the College Diploma, holding certificates for 
Physiology and Hygiene from the Science Department, South 
Kensington, are exempt from the written examinations. 
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With an Introduotion by CHARLES ROBERTS, F.R.C.S. 
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TWO-AND-SIX. 

This work has been adopted by the London School Board, for use In their 
Schools ; and also by the Director-General of Military Education, for use In 
all Army Schools. 

The Authorities at the Battersea, Chelsea, Borough Road, Westminster and 
Hammersmith Training Colleges ftor Teachers, have also approved and adopted 
It exclusively for the use of their Students. 



OINCE the publication of the first edition of this work in 1891, 
^ the author has personally conducted the training of upwards 
of 1,500 Head and Assistant Teachers to enable them to give in- 
struction in the system throughout the Metropolis. The whole of 
these are now teaching the exercises to the children attending the 
420 Board Schools in London. The Voluntary School Teachers 
have also heartily taken up the subject, and have received their 
instruction in a similar manner. In addition to this, the whole of 
the boys of the Board's Training Ship " Shaftesbury," and those of 
the Industrial School at Brentwood, are being trained in the same 
system. The authorities of the five principal Metropolitan Training 
Colleges for Teachers, viz.: — Battersea, Chelsea, Borough Eoad, 
Westminster, and Hammersmith have adopted this system 
exclusively, and all the teachers trained at these institutions are 
instructed in the system during residence, either by the author 
or by persons who have attended his training classes. 

All Army School Teachers, on taking up their appointments 
are expected to qualify themselves to give instruction thoroughly 
and successfully according to the code laid down in this manual. 
As this has been strictly complied with during the past three 
years, it is evident that the system is now being taught in all 
parts of the world. 

A careful perusal of the valuable introduction, specially written 
for the third edition by Charles Roberts, F.R.C.S., will help the 
teacher to grasp the subject fully, and will undoubtedly be an 
invaluable guide in the successful carrying out of a system of 
rational physical training, particularly with regard to school 
children. The practical part — drill and physical exercises — will 
be found one of the most simple, yet beneficial, methods of 
physical training for school children that can possibly be devised ; 
and to this fact its great popularity among the School Teachers 
and instructors of physical education throughout the coimtry must 
be chiefly attributed. 

The new education code of this year is making physical culture 
a compulsory subject in all schools ; and this is undoubtedly a 
step in the right direction. This Manual of Drill and Physical 
Exercises completely satisfies all the Government requirements. 

April, 1894. 



A FEW EXTRACTS FROM PRESS NOTICES. 

'* Evidently the work of an able teacher, who with great skill arranges in 
simple, plain and methodical style, a set of well graduated exercises. The 
exercises are puitable withoat dumb-bells for the merest infant, and with 
dumb-bells are jnst the thing for any grown man of sedentary habits. Each 
oombinatioD has fitted to it suitable music, which displays considerable 
ability in the adapter and harmonizer. The illustrations are very detailed 
and accurate presentments of almost every position the pupil must take up. 
One result of this work will be to give our country a higher rank among the 
nations who give attention to Physical Education." — l^e Board TeBtChei, 

'* The author does not advocate theiutroduction of one particular system 
to the exclusion of all others. His manual simply contains a carefully 
selected course of exercises, compiled and arranged after a thorough study 
and testing of the various systems practised in this and other countries. 
The speciality of the work is, that nothing is introduced which is impossible 
to be taught to an average class of elementary school children in a play- 
ground, while dressed in their ordinary clothing. Having ourselves had the 
opportunity of witnessing, more than once, classes of both boys and g^ls 
going through these exercises, we can speak from a personal knowledge of 
the gracefulness of all the movements, while their usefulness, from a 
physiological point of view, is apparent to all who have seen the exercises 

gone through."— School Board Clironicle. 

" We think that Mr. Chesterton is to be commended for making his work 
professedly eclectic. The movements are well graduated, and though a 
manual can hardly prove an effective substitute for ocular or aarioalar ex- 
perience, letterpress and illustrations are made to do their best in 
delineating the system. Great importance now rightly attaches to 
physical culture in schools, and teachers will be able to take from this 
manual those movements and exercises that appear to suit best their 
special circumstances." — The Schoobuaster. 

" The exercises, which can be performed either with or without dumb- 
bells or music, are those which experience has proved the most effective 
in developing the physique of the young, and improving that of the adult. 
The various movements are concisely explained, and any possibility of 
misapprehension is guarded against by numerous illustrations of the 
positions to be assumed, which, as they are taken from photographs, are 
approximately true to nature." — Morning Post. 

*' The latest additions to drill literature will prove an invaluable ' vade 
mecum ' to every teacher seeking to provide suitable physical exercises for 
his or her school. The author, T. Chesterton, is instructor in physical train- 
ing for the Loudon School Board, and knows thoroughly the difficulties 
that attend teachers attempting to master and impart instraction in this 
subject. Consequently, he has supplemented his very able directions with 
numerous illostrations taken from photographs of both boys and girls, and 
these show not only the general effects, but what is often more important, 
the consecutive worked out details of many movements." — The Teacher's 

Aid. 

*' The book is evidently written by one skilled in the uses of dumb-bells, 
and we largely recommend it to persons of sedentary habits who should 
follow out these health-producing exercises. The book will be found of 
immense value to the teacher, and to drill classes in general. By its aid 
we shall have a fine, healthily developed race of youngsters in England , 
and the pretty music that accompanies some of the exercises will be found 
a valuable help in making the manoeuvres pleasant to the young student.*' 

—Jewish World. 



Physical Drill With Arms, New Bayonet Exercise and Attack 
and Defence, in accordance with the New DrilL 

Illustrated with Thirty-six Plates, as taught at Aldershot, 9d. ; 
Bound in Cloth, Is. 

** An invaluable little book, for, thanks to the admirably drawn plates 
of which there are thirty-six, it will be of great use to the thousands of 
desk-workers who can get no such training as that of the soldier, and for 
whose health it is at least as necessary." — United Service Gazette, 

Physical Training Without Arms. 

Illustrated with Twenty -six Plates. 3rd Edition, 9d. ; Bound in 
Cloth, Is. • 

** Physical Training Without Arms, Made Easy, with its numerous and 
rich plates, and costing but a shilling, ought to be in the hands not only 
of military men, but all schoolmasters." ** It is a most useful, handy, 
and interesting volume." ** Its hints and directions are invaluable." 

Free Oymnastics, and Light Dnmb Bell Drill as practised 
at the Gymnasia at Aldershot. 

By Sergt.-Major Noakbs, Gymnastic Staff. 2nd Edition. Fully 
Illustrated with 49 Plates, Is. 6d. 

** A 8$atem of Free Q$mjuutie» and Light DumB Sell Drill, a$ praeiieed in the 
unitary Oymnaeia, compiled by Sergt.-Major S. G. Noakes, Chief Instructor of 
Gymnastics in the Army (Gale & Polden, Limited), is a most useful little book, 
which has reached a second edition. Col. Greo. M. Onslow, Inspector of Gymnasia, 
tells us in a prefatory note that, since the system here explained was introduced 
at Aldershot and the Carra^h, the carriage, bearing, and physical condition of the 
non-commissioned officers, trained as instructors, have become far superior to that 
of men trained under the old system. Sergt.-Major Noakes has now included the 
'turnings' which are generally practised, but without recommending the 
introduction of them at the depots until they have been adopted by the drill-book 
authorities. The brochure is an admirable manual for all who have to conduct the 
physical training of the young."— iirmy 4- Navy Gazette, 

Gymnastics. Upwards of 100 Tricks and Exercises on the 
Horizontal Bar, and how to do them. By A. Dimmock, is. 
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SANDOWS 

SYSTEM OF PHYSICAL TRAINING 

FOR MEN3 WOMEN AND CHILDREN^ 

By Captain G. MERCER ADAM. 




A STITST VSf TBS FfiBTBOT TTFI Of TES 
EUXAZr FOSX- 

The Marvel of Anatomists, Sculptors, and Artists 
in the Nude; embracing the great Athlete's simple 
method of Physical Education for the Home, the 
Gymnasium, and the Army Training School ; 
preceded by a Biography dealing with the chief 
incidents 01 Mr. Sandow's Professional Career, his 
Phenomenal Prowess and Gladiatorial Skill in 
Competitive Matches, Contests and Exhibitions ; 
with Mr. Sandow's Scheme of Dumb-bell and Bar- 
bell Exercises, and his views on the Physiology of 
Gymnastics, the Functions of the muscles, &c., &c. 
Compiled and Edited, under Mr. Sandow's 
Direction, by G. Merger Adam, Ex-Capt., 
Queen's Own Rifles, CM. Richly Illustrated 
from Photographs expressly taken for the work 
by Sarony of New York, Morrison of Chicago, 
and White of Birmingham, and from drawings by 
A. Casarin. 



3PRIOEI 12/e ITBO?, 



The book contains eighty half-tone illustrations and one hundred and fifty 

drawings by a pupil of Meissonier, the celebrated painter. Sold by 

all booksellers, or sent, post-paid, on receipt of price. 

EXTRACT FROM THE DAILY CHRONICLE. 

We have, therefore, no hesitation in recommending those of our readers who 
may be interested in athletics and training, or merely in the improvement of 
their own health and vigour, to read this book, which will, at any rate, afford 
them very entertaining reading. 

The book is illustrated with a great number of photographs of Sandow, 
showing all his muscles separately and himself posed in the attitudes of many 
classic statues of athletes. There is also a detailed technical account of the 
muscles of the human body, and the last part of the book is devoted to full 
illustrated descriptions of Sandow's methods of training and the apparatus 
he has himself designed for the purpose. We do not know any work which 
treats of the subject in such detail, or illustrates it so lavishly. — Dai/y 
Chronicle^ 23rd July^ 1894. 

LONDON : GALE d POLDEN, Ltd., 
2, AMEN CORNER, PATERNOSTER ROW, E.G. 



EXTRACT FROM THE NEW YORK HERALD. 

One of the books which we have been interested in during the past week 
is entitled " Sandow on Physical Training," Such booki as these have a 
considerable imporlance, because they exertiSe a decided influence over the 
younger generation. In the second part Mr. Sandow gives his rules for 
developing the various portions of the body, separate or in groups. We 
frankly assert that the work is admirably done. A ^eat many books have 
treated the same topic, but they have not equalled this in perspicuity. . . We 
cheerfully recommend this volume to the general public as quite worthy of 
their attention and study. 



Lleut.-Col. G. M. FOX, H.M. Inspectoi- of Military 
Gymnasia in Great Britain, writes:— 

" 1 am convinced that your series of exercises are excellent and most care- 
fully thought out, with a comprehensive view to the development of the body 
tisitiiAolt. Any mau honestly following out your clear and simple instructions 
could not fail to enormously and rapidly improve his physique. 

" [t is almost superfluous for me to add that jro^ yourself, in propria persona, 
are the best possible advertisement of the merits or your system of training 
and developing oi the human body. 

"Any individual, gifted with a fair amount of determination, is absolutely 
certain to develop his physical powers at an extraordinarily rapid rate a.nd with 
Uie tnost happy results to his general health and menial powers and activity, 
by following with intelligence your system. As you very rightly say, it is only 
by bringing the brain to bear upon our exercises that we can hope to produce 
the best results with the shortest possible expenditure of time. 

" The absence of expensive and cumbrous apparatus is no small recom- 
mendation of your system, and you are thoroughly in the right when you 
assert that lasting muscular development, and consequent strength, can be best 
produced by the constant and energetic use of light dumb-bells, employed in a 
sound and scientific manner." 
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